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A KNOWLEDGE-BASED APPROACH TO THE COMPUTER-ASSISTED 
MORTGAGE VALUATION OF RESIDENTIAL PROPERTY
LAN P. SCOTT B.Sc. 
ABSTRACT
Previous research into computer-assisted methods of 
residential property valuation has concentrated upon 
statistical techniques i.e., multiple regression analysis.
Inquiries made of all leading academic and professional 
institutions in the United Kingdom, the United States of 
America, Australia and New Zealand involved in property 
valuation, indicate that this project is unique in current 
residential valuation research.
The. approach is based upon a study of the working 
practises of a professional mortgage valuer, his 
"expertise" and techniques utilised in the completion of 
mortgage valuations.A model of the valuation procedure has 
been developed and exposed to the critical evaluation of 
other valuers. This model has been implemented as a 
demonstration "expert system".
A critical evaluation of the suitability of the different 
software, knowledge elicitation and knowledge 
representation techniques for valuation work has been 
carried out and an assessment of the nature and use of 
uncertainty within the domain of mortgage valuation made.
The current methodology effectively demonstrates the 
knowledge-based concept of a separation of comparable 
property data, and the procedures used to manipulate that 
data, i.e. the valuer's use of comparable s. This enables 
the demonstration system to operate with few and 
"imperfect" comparables. Additionally the methodology is 
not time-related, the demonstration system selects 
comparable information from the same time period as the 
required valuation. These features are clearly an advance 
over the regression studies noted above which require 
complete data in large quantities over a restricted time 
period.
Currently the integration of knowledge-based and 
conventional data processing software is in its infancy 
and this is reflected in the limited nature of the 
demonstration system.
In conclusion the project has developed a wholly original 
approach to the problem of computer-assisted residential 
property valuation, contributing significantly to the 
available literature in the comparative method of 
valuation, computer-assisted valuation techniques, and the 
identification of uncertainty within a domain of 
expertise.
INTRODUCTION
THE UNITED KINGDOM HOUSING STOCK
The housing stock in broad terms stands at an estimated 
22.076 million homes of which some 62.9% are owner 
occupied, that is approximately 13.88 million (Central 
Statistics Office 1988). Of that total it has been 
estimated that in excess of 850,000 of those properties 
came onto the market in 1986 (Bailey 1986), a figure 
likely to be exceeded in the following year. This 
proportion is still below that for comparable 
industrialised nations. It is probable therefore that the 
number of owner-occupied dwellings will continue to rise 
steadily for the foreseeable future. Historically the vast 
majority of these house sales were financed by Building 
Societies, although in recent years banks and other 
lending institutions have reduced that majority 
significantly.
In addition to these straightforward sales of property 
there are also re-mortgages of property which should boost 
the 1986 figure of mortgage loans to approximately 1.1 
million, based on figures for the last two years 
(Phillips 1986).
MORTGAGE VALUATIONS
Such a mortgage can be most simply be described as a loan 
secured upon the subject property. An assessment of the 
value of the property, independent of the sale figure, is 
therefore a prerequisite of the mortgage. This concept of
value is referred to in the Building Societies Act (1986) 
as:
"...The open market value of the property..." 
There is conjecture as to whether this definition is 
different to "value" as expressed in the Mortgage 
Valuation Guidance Notes issued by the professional 
societies, or as generally understood by the profession in 
the phrase "open market value". However the current 
dilemma of the profession relates mainly to physical 
matters. Clearly no valuer would claim that in arriving 
at a valuation it was unnecessary to have regard to the 
structural condition of a property (Forbes 1986). If the 
buyer wants an absolute guarantee, there is no substitute 
for a full structural survey, however less than 10% take 
this course of action (Moreton 1983). The problem is 
primarily one of distinction between a valuation and a 
survey.
The 1986 Royal Institution of Chartered Surveyors 
(R.I.C.S.) and Incorporated Society of Valuers and 
Auctioneers (I.S.V.A.) Mortgage Valuation Guidance Notes 
are not mandatory and have, in some instances, appeared to 
confuse the survey/valuation issue regarding the degree of 
inspection required, particularly relating to roof voids 
and other inaccessible areas.
However more recently there are signs that this is being 
resolved, albeit slowly. Ewbank J. notes in Nash v Evens 
and Matta (1988) 04 EG 131 that:
"... the valuation of the flat was not done 
negligently, and was within the range of values
to be expected from an ordinarily competent 
surveyor, within the limits of his inspection".
This represents a clear trend towards recognising the 
limited nature of inspections for mortgage valuation 
purposes, and the consequences for the advice enclosed 
therein. 
This supports Maggs' (1985) argument that:
"A valuation primarily gives a price guide, 
whereas a survey is specifically undertaken to 
identify defects".
For the purposes of this thesis, the survey and valuation 
are to be distinguished along the lines suggested by 
Maggs. It is assumed that the valuation rests upon a 
competent inspection, and that no defects in either 
physical fabric or title are present unless disclosed. 
The thesis deals with the valuation procedure not the 
degree of inspection.
At present the Building Societies Act (1986) requires the 
mortgage valuation to be carried out by:
"A person holding office in, or employed by the 
Society, who is competent to make the assessment 
and is not disqualified .... from making it".
More often than not this means a member of the General 
Practice division of the R.I.C.S. or the I.S.V.A. This may 
not be the case in the future, and it is quite possible 
with deregulation of the Building Societies that computer- 
based projections of value will be acceptable as a basis 
for loan security, particularly where a loan is for less 
than the full market value of the property. 
Should this be the case, the demand for accurate, 
consistent, supportable residential valuations produced by
computer-assisted methods will increase. The principle 
problems in achieving this are:
1. residential property valuations are based upon the 
comparative method; a poorly defined, under-researched 
area of expertise;
2. previous research has concentrated upon regression 
studies of market data which have not been widely 
adopted or understood;
3. the valuation profession exhibits profound inertia in 
the face of both new valuation techniques and new 
technology, perhaps because of this lack of 
understanding.
An approach developing a methodology based on the 
comparative method would involve an analysis of the 
valuers' techniques rather than market data, and hence the 
creation of a model of the expertise used in producing 
valuations.
It is contended that this more anthropomorphic approach 
will provide information about the comparative valuation 
process, and prove more acceptable to practising valuers 
than the regression studies noted above.
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1.1. THE COMPARATIVE METHOD OF VALUATION
The comparative method forms the basis of all valuation
techniques, for example:
a. the comparison of yields and rents in an investment
valuation; 
b. the assessment of building costs in a residual
valuation;
c. the comparison of turnovers in the profits method; 
d. the direct comparison of capital values as in most
residential valuations.
The technique is subjective. The valuer interprets market 
conditions and gives his assessment of the comparability 
of elements in the respective properties. It is primarily 
because of this imprecision that the method is open to 
criticism.
Richmond (1975), for example, a standard introductory text 
for valuers, describes the comparative method as follows:
"One method of deciding the value of a property 
is to compare it with similar properties for 
which transactions have already taken place. 
This procedure is widely adopted in practice, but 
requires the keeping of adequate records of 
transactions.
Professional offices should record all details of 
property dealings with which they are involved, 
so that this information is available for future 
reference. The valuer should keep up-to-date 
with the property market by reading technical and 
professional journals".
Ball and Kirwin (1975), in one of the most comprehensive
studies to date, covering the total housing market of 
Bristol, were even more non-committal:
"The price of housing appears predominately to 
reflect the attribute mix of the house and its 
general spatial location, in relation to the 
structure of the urban area".
This lack of precision regarding the determinants of 
residential value is the norm rather than the exception. 
Kurd (1914) noted that:
"General financial and economic conditions enter 
so largely into exchange values, that values are 
at times not based on income, nor supply and 
demand, but represent a condition of the public 
mind".
The situation is little different today.
Greaves (1984) suggests that a strictly quantitative
evaluation is not often seriously pursued by valuers
because housing is viewed as a special commodity
exhibiting:
a. sizeable but uncertain capital gains over the long
term;
b. possible tax advantages regarding borrowed funds? 
c. facilities to satisfy a family rather than a single
consumer;
d. the owner's status socially and monetarily. 
The Royal Institution of Chartered Surveyors (1984) has 
noted four main elements in the comparison process: 
a. time; 
b. location;
c. physical characteristics; 
d. conditions of sale.
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Greaves (1984) named five factors, relating to:
a. the physical features of a property;
b. the immediate physical amenities of a property;
c. local features in terms of time or distance;
d. locational features in terms of neighbourhood;
e. financial relationships and arrangements.
Both Greaves' and the R.I.C.S.'s sets of factors are
equally valid, yet neither can be said to be in any way
explicit or exhaustive. It can be argued therefore that
whilst valuers are able to interpret a housing market to
establish the value of a particular property, they are
unable to define clearly which factors or attributes,
physical or otherwise, relating to a particular property
are important when assessing its market value, nor their
individual quantitative effect upon value.
The reliance upon experientially-gained expertise, rather
than a more thoroughly researched and explicitly defined
comparative method of valuation is at present prevalent.
Millington (1982) notes that:
"Valuation is not just a mathematical process". 
This is a point of view echoed by Greaves (1984) who 
argues that:
"Variables are not thrown into an equation but 
are entered at the dictates of some theory or 
experience, and, to a large extent, the final 
result will depend upon how the valuer structures 
the problem in terms of his understanding and 
initial selection of explanatory variables".
It is argued that when faced with competition from more 
statistically-advanced disciplines, such as accountancy,
this is unlikely to be a sufficient explanation in the 
future.
The valuer must be, and must be seen to be, backed up by 
more rigorous analytical techniques, yet it is hard to see 
how this can be carried out given the basic inability of 
valuers to explain how they value property. 
Most are able to quote a list of physical factors which 
affect value, or more accurately, which they consider will 
affect value. The list will not be exhaustive, nor can it 
be so, as the determinants of residential value are still 
the subject of debate. Competent valuers however, 
regularly arrive at values which are acceptable to their 
clients and other agents. They must therefore have taken 
into account even those determinants which are as yet not
\
formally identified.
Valuers in the United Kingdom (U.K. ) are thus reluctant to
explain how they analyse and value by direct sales
comparison.
"Rather valuers stress the importance of 
experience in the market place which over time 
produces an empathy for movements in the market 
and allows the experienced valuer to reconcile 
differences among comparable sales evidence and 
so produce an accurate opinion of value."
(Adair, McGreal 1986).
Mackmin (1985) suggests that this approach is adopted to 
conceal the embarrassment of the specialist practitioners 
in the field caused by the lack of a scientific basis for 
their art. 
He continues, and notes that:
"One basic problem facing many U.K. valuers is 
the lack of adequate data. There is no central
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register of property sold, and many practices 
are too small to extract maximum data from the 
sources available to them".
This situation undermines the rationale of valuing by the 
direct comparison method (Adair, McGreal 1986). This 
lack of data also precludes an understanding of trends in 
the market which Mackmin (1985) notes are supplementary to 
good comparative evidence.
Kimball (1977) argues that to adjust the available 
comparables correctly requires a minimum total of 
comparables equal to the number of adjustments to be made 
plus one, and this under the most optimistic conditions, 
where each comparable is perfectly similar to each other 
with the exception of the factor under consideration. 
Clearly when factors such as location and date of sale are 
considered this ideal is unlikely to be achieved, 
particularly when the irrational behaviour of buyers in 
the unsophisticated and imperfect property market is 
considered.
1.2. MULTIPLE REGRESSION ANALYSIS (M.R.A. )
Despite these problems with lack of adequate data, 
previous studies of residential property valuation have 
concentrated upon either regression studies requiring 
large amounts of data to provide supportable conclusions, 
or predictive models based upon economic trade-off 
theories.
The trade-off theories tend to fail when exposed to the 
vagaries of the real world. For example, it can be 
concluded that in London and the South East there ought to
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be a negative correlation between cost of journey to work, 
which is much higher in terms of time and money than in 
any other region, and houses prices; but house prices in 
these regions are higher than elsewhere (Dineen 1986, 
Rayner 1984).
Regression studies have been used intermittently in 
property since Ezekiel (1926) analysed factors affecting 
farmland earnings. These studies have concentrated upon 
deriving statistical relationships between the physical 
characteristics of property and their sale prices, in 
order to establish which elements are of significance and 
which are not. The following is not intended as a 
comprehensive survey, but does review the most relevant 
studies available.
Much of this work has been carried out by economists 
rather than valuation surveyors, and in many cases this 
has produced a study influenced by the researchers' 
perception of what affects house prices. For example, 
Anderson and Crocker (1972) studied the effects of air 
pollution on house prices; Borukhov et al (1978) 
considered constructional elements of flats. 
Considering studies by valuers, Pendleton (1965) suggested 
the following as significant variables in a study which 
predicted prices within 6-7% of the open market value: 
a. house size; 
b. accessibility; 
c. lot size; 
d. mode of construction;
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e. number of bathrooms;
f. basement (present or absent);
g. extras (garage, porch etc.);
h. median income of houseowner;
j. age and style of property.
Many of the above appear intrinsic to the residential
market in the United States of America (U.S.A.), and in
the U.K., Harper (1981) concluded:
a. floor area;
b. garage (absent or present);
c. age of property;
d. number of bedrooms and
e. physical condition
were of significance.
This corresponds more readily with the expected variables
noted by the R.I.C.S. in 1.1. above. It is however, little
if any better than those R.I.C.S. guidelines and two of
the variables quoted, namely floor area and number of
bedrooms, are undoubtedly related.
Subsequent analysis predictions showed only 45% of
predicted values within + or - 10%.
Harper acknowledged the inadequacy of the results and
suggested the following reasons for this:
a. the price range used was too large £18,000 - £82,650;
b. the sample was crude and imprecise for its size;
c. the variables were poorly judged. For example semi -
detached and detached should appear as separate
variables;
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d. a logarithmic measure of house size may be 
appropriate, as each additional unit of size confers 
less utility;
e. insufficient attention was given to multicollinearity. 
However even a refined example showed little or no 
improvement.
Harper's work suffers in comparison to Pendleton's, 
largely through the extreme diversity of the housing stock 
in the U.K. compared to the U.S.A. Many other studies 
have also failed to achieve this level of accuracy (Boyle 
1984, King and Kane 1974, Porcher Miles 1975). 
A more structured approach, suggesting regression analysis 
of distinct housing sub-markets, and hence a more refined 
sample, produced better results than Harper but suffered 
from small sample size (Adair, McGreal 1986). 
The regression techniques used in these studies rely on 
massed data and the straightforward calculative power of 
conventional computer systems to produce a mathematical 
equation with which to value properties as yet unsold. 
The technique is widely used in other areas of study to 
good effect.
Assuming regression analysis to be suitable for property 
valuation, the data inputs are the physical attributes of 
subject properties and their market values. It should be 
noted that the method presupposes that the value-related 
features have been identified in order to be included in 
the list of variables. 
As a simplistic example, consider two similar houses on a
14
large estate, both of which are semi-detached, three 
bedroomed, one year old, in average condition, with 
central heating, garage, and of freehold tenure. One of 
them has the addition of a porch. On sale under the same 
conditions the house with a porch achieved a value of 
£30,250. The house without a porch achieved £30,000. 
From this we could conclude, other things being equal, the 
value of the porch to be £250.
Once sufficient analysis is undertaken using this method 
it is possible to isolate the individual factors' 
contribution to the value of the whole. Stepwise 
regression may also be used to establish the relative 
significance of the variables. Multiple regression 
analysis has been put forward as a good method with which 
to value large amounts of property quickly. 
Studies carried out both in the U.K. and the U.S.A. have 
tended to concentrate on valuation for local taxation 
purposes (Rayner 1980, Rogers 1986). In this kind of role 
it must be said that M.R.A. has advantages. Local 
taxation must be seen to be objective and impartial. 
Multiple regression analysis applied across a wide range 
of property is demonstrably so, every property being 
treated to the same degree of accuracy or otherwise. 
It can also rapidly assess large numbers of properties. 
Should revaluation be desirable, changes in the relative 
values of variables may be simply achieved. 
It may well be the case therefore that M.R.A. is the best 
method with which to value homogeneous units in large
15
numbers. For example, council houses, or even more 
suitably, property for rating purposes, where 
comparability between assessments rather than absolute 
accuracy is the most important consideration. 
The method when applied to property valuation has its 
limitations, particularly in the U.K.
Lack of data is a fact of life throughout the U.K. 
property market. Multiple regression analysis' greatest 
weakness is its requirement for large amounts of data 
concerning broadly similar properties, with which to 
derive a formula of general application to other similar 
properties. Even if a central property register, as 
advocated by Mackmin above, were to be established, it is 
unlikely that sufficient suitable information would ever 
be available for useful regression analysis of unusual 
properties. However this problem alone is not sufficient 
grounds on which to dismiss a regression approach to 
property valuation. Even with lack of evidence for many 
properties it could still provide valuable information in 
a number of circumstances.
A second serious problem is that of multicollinearity, or 
correlation between individual variables. This can 
basically be explained by saying that some independent 
variables are not as independent as might be thought. For 
instance, plot size, floor area, and number of bedrooms 
are probably related in most cases, as noted in the 
criticism of Harper's work above. Whilst this problem may 
be reduced by the use of ridge regression techniques
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(Newell 1982), the detractors of M.R.A. suggest that apart 
from multicollinearity it is inflexible and that the 
issues involved in property valuation are much too complex 
for the simple additive theory on which it is based, in 
the U.K. at least, the major problems with property 
valuation uses of M.R.A. appears to be the lack of data 
concerning both sales generally, and the significant 
variables particularly. It has been argued that there are 
too many intangibles and that the mechanisms of the 
property market are simply not fully understood. 
The veracity of this latter point is unquestionable, 
however the intangibles can be regarded as merely 
unidentified tangibles, awaiting only the research effort 
to identify them (Mackmin 1985).
It has equally been argued that the fundamental 
assumptions of the method are being violated by the 
characteristics of the property market (Lessinger 1969). 
Considering these two apparently irreconcilable arguments 
perhaps the fairest appraisal of the situation is that put 
forward by Renshaw (1958) who suggested that:
"Whilst it might be hopeless to try and isolate 
all factors which buyers take into consideration 
when purchasing property, it is possible to 
establish a correlation between property values 
and a select subset of determining values".
1.3. BEHAVIOURALISM AND VALUATIONS
Delisle (1985) argues that since these purely statistical 
techniques are inadequate to validate appraisals, the 
integration with behaviouralism is essential if appraisal
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is to emerge with a unified, fully-formalised body of 
thought.
CONCLUSION
Although these comments were applied to the behaviouralism 
of the purchaser, it is considered that if the objective 
of property valuation is to estimate the open market 
value, then research should more properly be directed 
towards the behaviour of the practising valuer. It is the 
valuer after all who has to disregard irrational evidence 
in order to reduce the zone of uncertainty around that 
open market value (Ratcliff 1965). This alternative 
approach should be based not upon an analysis of past 
sales, but the methodology adopted by valuers in selecting 
and utilising that comparable evidence. An analysis of 
this expertise, and the adoption of knowledge-based 
computer programming techniques to represent aspects of 
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Since the 1950's computer scientists have attempted to 
reproduce mechanically the functions of the human brain. 
The main thrust of this research was originally directed 
towards the duplication of the methods by which a human 
reasons, mimicking the operation of the brain. 
With hindsight it is not surprising that they failed; 
neither the hardware nor the software available to the 
researchers was sufficiently advanced for the task. 
Much of this work was based upon abstract neural networks. 
It was considered that a richly interconnected systems of 
simulated neurons could begin by knowing nothing, be 
subjected to a training programme of reward and 
punishment, and end up exhibiting intelligent behaviour. 
Forsyth (1984) points out that the fact that the human 
brain is thought to contain around ten billion neurons, 
each as complex as a transputer, was conveniently 
overlooked. This area of research has recently enjoyed a 
resurgence of interest thanks to advances in hardware 
technology such as the transputer and other parallel 
processing hardware. However researchers old enough to 
have experienced the disillusionment of the earlier work 
have voiced scepticism (Ince 1987, Mehta 1988). 
With the discrediting of the neural approach in the 
1960's, research focused on heuristic search
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methodologies. This approach views problem-solving as a 
search through a space of potential solutions, the search 
directed by heuristic rules. Much of this work was 
confined to a restricted domain of puzzles and games, 
particularly chess. Perhaps the best known of the 
programs developed during this period is the General 
Problem Solver (G.P.S.) built by Ernst and Newell (1969). 
The General Problem Solver made no specific reference to 
the subject matter of the problem, although it too dealt 
with a restricted set of games where the problems are, in 
human terms, no problem (Forsyth 1984).
These general problem-solvers lacked the generality that 
their title claimed. In particular it was shown that the 
fact that researchers could built a program to play chess 
did not mean that the program could go on to solve useful 
real-world problems. The search for a few very powerful 
and very general problem-solving heuristics was 
impractical, and was in turn discredited.
During the 1970's researchers at Stanford University began 
to develop programs within domains of expertise rather 
than trying to apply general methodologies across them. 
The focus thus narrowed to what have since become known as 
expert systems.
The forerunner of all the Stanford Systems was DENDRAL 
which analysed mass spectograms to identify organic 
compounds (Buchanan et al 1969). Its immediate successor 
MYCIN, which diagnosed and prescribed treatment for 
bacterial infection of blood, has however been even more
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influential (Shortliffe 1976).
Both DENDRAL and MYCIN were considered conspicuously 
successful by their builders; DENDRAL rediscovering many 
of the known rules for spectrography, and identifying 
several new compounds; MYCIN eventually out-performing 
the consultants acting in the same area of specialisation 
(Yu et al 1979).
Equally, both systems have since been criticised (Adams 
1976 , Clancey 1983, Swartout 1980). They have however 
become established as classical steps in applying 
artificial intelligence techniques to real problems, and 
have provided much of the impetus for the current high 
level of activity in expert systems research.
2.2. EXPERT SYSTEM SHELLS
Simplistically the expert system can be considered to 
consist of two parts: a knowledge base and an inference 
module.
The knowledge base contains facts, rules, and information 
relating to the particular field of expertise within which 
the expert system is to specialise. The inference module 
evaluates and interprets those rules for a given set of 
circumstances, and is able to reason logically around the 
data with which it is presented.
On completion the system should be able to act as a 
consultant expert in the chosen field of specialisation. 
Early systems like DENDRAL and MYCIN were developed as 
one-off research projects over several years, many as part 
of the ongoing Stanford Heuristic Programming Project.
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Clearly this custom building is expensive; DENDRAL was the 
result of 16 years of development, and attempts were made 
to "generalise" the systems by removing the specialist 
domain knowledge, thus creating an "empty" expert system 
into which knowledge relating to other domains could be 
placed (Figure 1). These attempts at producing expert 
system "shells" were of limited success, the systems 
produced retaining a "flavour" of their predecessors. They 
did however establish that shells should be capable of 
reducing the time and hence cost of expert systems. In 
addition, several of the systems built in this manner were 
also adjudged successful in their own right, for example, 
PUFF (Kunz et al 1978), EMYCIN (Van Melle et al 1980). 
More recently, a proliferation of purpose-built shells has 
developed, each with advantages and limitations for 
different applications. Most systems today, including the 
mortgage valuation project, are developed using one or 






















2.3. EXPERT SYSTEMS DEFINED
Despite the length of time over which these programs have 
been developed, there is still no standard definition for 
an expert system.
The British Computer Society's Committee on the Specialist 
Group on Expert Systems (February 1983) suggested the 
following definition:
"An 'Expert System' is regarded as the embodiment 
within a computer of a knowledge-based component, 
from an expert skill, in such a form that the 
system can offer intelligent advice or take an 
intelligent decision about a processing function. 
A desirable additional characteristic which many 
would consider fundamental is the capability of 
the system, on demand, to justify its own line of 
reasoning in a manner directly intelligible to 
the enquirer. The style adopted to attain these 
characteristics is rule-based programming".
In the British Computer Society Specialist Group on Expert 
Systems Newsletter No.4, October 1981, several 
suggestions are made:
a. "Systems whose goal is to perform convincingly as 
advisory consultants, exhibiting human expertise 
in given domains with self-explanation of 
reasoning on demand". (Michie).
b. "Systems using a relatively small number of facts 
that have a rich interaction to solve problems in 
some domain in order to gain insight into the way 
people apply expertise, and to partially automate 
the problem-solving task for real applications". 
(Winston and Brown).
c. "Systems that contain a collection of antecedent 
consequent rules, a data base and an executive. 
The rules are conditional statements that 
describe how to modify the data base when certain 
patterns are recognised. The executive performs 
the pattern matching, monitors data base changes, 
selects and executes rules." (Waterman).
For the purposes of this thesis the following definition 
is considered appropriate:
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An expert system is a computer system which contains 
knowledge pertaining to an area of human specialisation. 
The system can also implement that knowledge in such a 
fashion as to be able to act as a consultant expert in 
that field of specialisation. Such a system typically 
requires the user to provide answers to relevant questions 
in order to supply advice based upon those responses. in 
addition the system is able to justify or explain the 
reasoning behind a course of action it recommends, in 
order to defend its deduced solution.
These systems have become possible, primarily due to the 
belief that specialist knowledge, like data before it, is 
something separate and distinct from the procedures which 
manipulate it. This knowledge can therefore be considered 
interchangeable within a given software system, different 
"knowledge bases" being utilised within the same 
manipulative program, much as a database management system 
can manipulate many different data files.
This emphasis on knowledge has led to the term "knowledge 
engineering" being applied to a wider class of techniques, 
based primarily upon developments made in expert systems 
research, yet encompassing links to other technologies, 
for example, computer vision, interface design. 
The term "expert system" is perhaps too constraining when 
the current trend away from stand-alone, advice-giving 
systems to linked or integrated programs using both 
knowledge-based and conventional data-processing software 
is considered.
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2.4. WHY BUILD AN EXPERT SYSTEM?
The justification for building such a system can be set
out as follows:
"The inherent complexity of a given problem area 
and the scarcity of good human experts are prime 
motivating factors. Often building a system can 
help to rationalise a body of knowledge so that 
it can be widely dispersed. Then again expert 
systems are a good means for pooling the 
expertise of a number of specialists to provide a 
system that is more effective than any single 
specialist working alone" (Rychener 1985).
There are however major problems when resolving
conflicting information gained from different experts.
(see 5.8. below).





e. mortal (Mulhall 1983).
Demand for specialists rather than generalists is
currently prevalent, and is likely to continue to increase
in the future. A system which can perform even a small
percentage of the specialist tasks in demand can release
experts to carry out the more complex functions required
of them. It follows also that these functions can have
more time devoted to them, with, it is presumed, a
consequent improvement in the performance of these tasks.
By taking these machine-adopted tasks a stage further in
complexity the computer will be able to act as an aide to
the hard-pressed consultant, offering advice in its
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particular area of specialisation, indicating options the 
human expert may overlook, providing rapid analysis of 
data, and serving as an ever-ready source of expertise. 
This knowledge source role may also be used to serve as a 
second opinion with which to back up a less experienced 
practitioner's diagnosis of a situation, should the 
acknowledged expert be unavailable and a decision required 
immediately. Expert systems may also be used to 
disseminate knowledge within large organisations, copy or 
"runtime" versions of the original system being comparable 
in cost to printed information, and additionally much 
smaller and easier to use. In effect the expert system 
can provide an "intelligent manual", simplifying complex 
regulations and increasing the speed of their 
introduction through its interactive operation.
2.5. EXPERT SYSTEMS IN PROPERTY
Expert systems are therefore potentially valuable in a 
range of applications, from consultancy to simple 
information transfer. It is in this former area of 
consulting expert that the mortgage valuation system would 
operate: an expert system which can act as the valuer of 
residential property for mortgage purposes. Additionally 
the system should be able to operate under the same 
constraints as the human valuer, i.e. with small amounts 
of comparable information, with less than perfect 
information, and utilising the subjective value judgements 
which are claimed to be such a large part of residential 
property valuation. Each of these requirements represents
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an advance over the regression studies discussed in 1.2. 
above.
Additionally the knowledge-based approach produces a more 
interactive, user-friendly interface than the complex 
statistical packages used in regression analysis. 
It is considered that these factors coupled with the 
anthropomorphic qualities of a system based upon a 
representation of the valuers' methodology might present a 
more suitable approach to the valuation problem in a 
profession traditionally resistant to change and 
innovation.
An extensive search of leading British, U.S., Australian 
and New Zealand institutions of higher education running 
property valuation courses, revealed only one project 
related to the mortgage valuation expert system (see 
Appendix 9). The researcher involved in this investment 
valuation project at the City University London is also 
registered for a degree of Ph.D. The project has run 
concurrently with the mortgage valuation study (Mehdi 
1987) .
The only other property-based expert systems research in 
existence at the commencement of the mortgage valuation 
study related to Quantity Surveying at Portsmouth 
Polytechnic (Newton 1986), and Salford University (Brandon 
et al 1987). Both projects have been concluded. More 
recently other property applications have emerged. Brief 
descriptions of these projects can be found in Appendix 
10.
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2.6. EXPLANATION IN EXPERT SYSTEMS
Two of the definitions in 2.3. above require an expert 
system to exhibit an explanation of its reasoning process 
to the user when requested. There are a number of reasons 
why this feature is considered desirable:
a. knowledge-based systems typically solve complex 
problems involving interaction with a user or users. 
If a program can explain its reasoning processes 
accurately, user acceptance can be more easily 
obtained. The user can assure himself that the 
program is carrying out reasonable actions, and his 
confidence in the system should grow accordingly; 
b. an explanatory capability can also serve as an aid to 
teaching. The user of the systems may improve his 
understanding of the area of expertise covered by the 
program, through a comparison of his own reasoning 
with that carried out by the system;
c. system designers have found explanations of assistance 
when debugging programs which are not algorithmically 
based.
In most expert systems built, and shells available, 
explanations are however usually only added as 
afterthoughts, "canned text" attached to the relevant 
parts of the program, or a natural language transcription 
of the program code and its execution trace. It can be 
argued, however, that in order to be explicative an expert 
system needs to be designed from the start to satisfy both 
efficiency of operation and explanatory goals.
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Kidd (1987) suggests that expert systems should 
communicate advice to the user in a form that is focussed, 
intelligible and convincing. The single solution output 
("canned text") and trace-style explanations of current 
systems do not match this requirement.
2.6.1. Traditional Explanations
Traditionally, explanations in expert systems take one of 
two forms:
a. previously prepared, or "canned" text is the simplest 
method of providing explanatory facilities within 
computer programs. The task is to out-think the end- 
user, establish what questions he might ask and then 
store the answers to those questions at the associated 
part of the program. The computer then displays the 
associated text on request. There are a number of 
problems with this method:
(i) the computer can only display the text that has 
been stored, which can lead to problems when the 
user and the programmer do not agree on what the 
user requires in the way of an explanation. The 
method is therefore inflexible;
(ii) all possible questions must be anticipated in 
advance and answers provided. For large systems 
this is impossible in practical terms; 
(iii) the program code and the associated text can be 
changed independently making it difficult to 
guarantee consistency between what the program 
does, and what the explanation routines say it
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does;
(iv) the system can have no higher conceptual model 
of what it is saying in its explanation. To the 
computer, one string of text looks very much 
like another, regardless of its content. 
Consequently it is difficult to use this 
approach if the system is required to provide 
more advanced explanations, such as suggesting 
analogies or explanations at different levels of 
abstraction.
Despite these disadvantages the approach is widely 
used, primarily due to its simplicity.
b. The second traditionally-used explanation facility is 
to generate explanations directly from the source 
program being run by the computer.
The explanation routine examines the program and then 
performs a relatively simple transformation of the 
code to produce explanations of how the system 
operates. If "trace" facilities are provided this 
allows, "How did you do X?" questions to be answered 
by restating the reasoning path followed. 
A further level of explanation can be achieved by 
explaining why a question is being asked. This is 
probably better termed "justification" rather than 
"explanation", although it still does not fully 
justify the reasoning used. For example,




SYSTEM: "I am trying to establish whether 
expenditure will be incurred in the 
near future as this may affect my 
valuation."
The quality of explanation produced by the simple 
transformation of the program code depends upon how 
the program code is written. If the explanations are 
to be understandable the expert system structure must 
be easily understood by anyone familiar with the 
domain of expertise. Similarly the variable and 
procedure names used within the program must represent 
concepts meaningful to the user, as they will be 
incorporated into any explanation produced. 
One major advantage of this method is that it too is 
relatively simple. Indeed, if the correct method of 
structuring the problem can be found it can be less of 
a burden to the programmer than providing canned text 
explanations. Additionally, since the explanations 
reflect the source code directly, consistency between 
code and explanation is assured. Problems inherent in 
the method are: 
(i) it may be difficult, or even impossible to
structure the program in a fashion that the user
can easily understand; 
(ii) the use of this method forces the programmer to
spell out explicitly every stage of reasoning
that is carried out, even when those stages are
not necessarily useful to the reasoning process.
This can result in unnecessary programming and
slow operation;
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(iii) it can be difficult to get an overview of what 
the system is trying to achieve. The system 
will be explicit about its internal mechanisms, 
i.e., what stage of the reasoning process it is 
currently considering, but the ultimate goal 
is often obscured by the minutiae of program 
code noted in a.(ii) above;
(iv) the method gives good explanations of what the 
system does, or did. It cannot however 
satisfactorarily justify its actions, i.e., 
state why it did it.
To return to the flat/pitched roof example, the 
"explanation" has indicated that the roof type has a 
bearing on future expenditure. It is not clear from the 
explanation: 
a. Whether a flat or pitched roof gives a greater
likelihood of expenditure, 
b. Why one or other should have a greater propensity to
require costly maintenance.
A more complete explanation is needed to justify fully 
the expert system's reasoning. This reasoning is not 
usually thought through by the expert, and is often termed 
"compiled knowledge". The compiled knowledge which would 
explain more fully the question asked is that the flat 
roof structure is more prone to damage and ultra-violet 
degradation that a pitched roof, and often requires major 
repair works within 7-10 years of construction.
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2.6.2. Explanation and Justification
This type of knowledge is desirable for expert system 
explanation, but is not usually represented within the 
program. It is also useful to note at this stage the 
distinction between "explanation" and "justification" 
since the terms tend to be used synonymously, it is 
perhaps better to use "explain" in the sense of making 
clear what is not understood, rather than showing the 
reasoning to be logical or "right", which can be 
better described as "justification". "Explanation" 
therefore relates heavily to the domain itself whilst 
justification has its origins in the rules, the underlying 
theory relating elements of the domain. A further 
difference is that explanations generated by an expert 
system are unlikely to change in any way; however in many 
circumstances, normally non-standard circumstances, an 
expert can violate a rule because he can reason about the 
rule's justification.
The strength of heuristic rules lies in their general 
applicability. This generality means they must in some 
circumstances, be unapplicable. The problem of when to 
disregard a rule make justification of a rule even more 
problematic.
2.6.3. MYCIN and explanation
Additionally, it can be argued that there are different
kinds of justification for rules. In MYCIN (see 2.1) four
types were considered:
a. identification rules use the identifying properties of
36
an object or situation to classify it. For example, if 
an area of damp plasterwork is localised and darkens 
during periods of wet weather, it is likely to be 
caused through water penetration rather than 
condensation. The situation has been classified as 
"water penetration" by the properties of the damp 
plasterwork. Justification of the reasoning would 
then be based upon that classification;
b. world fact rules are based upon empirical common sense 
knowledge. They tend to need little explanation if 
any. The user can fill in any explanation by using 
his prior knowledge of the world. For example, a 
chartered surveyor is not usually approached for 
advice upon neural surgery. This "rule" would not 
normally require any justification.
c. domain fact rules link hypotheses on the basis of 
domain definitions. The program can relate problem 
features to one another using domain fact rules, thus 
reducing the amount of information it has to request 
from the user, For example, if an irrigated damp proof 
course (D.P.C.) was introduced at five metre intervals 
into a highly impervious wall then it is unlikely to 
have been adequately administered.
This again requires little justification but the level 
of prior knowledge required is likely to be higher, 
i.e., more specialised than in b. above.
d. causal rules have connections to the underlying 
processes linking symptoms and problems. Frequently
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they are referred to as compiled knowledge, and the 
links can go either way, i.e., a symptom is caused by 
a problem. Conversely a problem exhibits a symptom. 
It is not always clear in which direction the causal 
relationship should be described for justification, 
however, the very difficulty in eliciting the 
underlying causal knowledge makes the question 
primarily of academic importance in poorly defined 
domains such as property valuation (see 4.7 below). 
When this knowledge is to be represented, a decision 
must be taken to establish a level of abstraction for 
the explanation proposed, and hence for the system as 
a whole. This relates directly to the kind of causal 
relationships represented within the system. 
Basically there are three types as illustrated in 
Figure 2.
Any of the relationships shown in Figure 2 can be 
described at a number of different levels of 
abstraction or detail, for example:
windspeed causes pore pressure causes penetration 
increase increase increase
is a more explicit representation of example (i) in 
Figure 2. Whilst technically correct, there is the 
question of whether it is strictly necessary to 
justify the reasoning process.
More critical is the question of when to stop 
explaining the stages of reasoning. Having explained 
the water penetration increase by referring to pore 




(i) a simple relationship between two concepts;
windspeed  
increase
causes .Driving rain penetration
increase.






causes -^Driving rain penetration 
increase.
(iii) consequent relationships, or relationships with 
the same cause.





suction effect to lee of 
building.
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the pore pressure increase in terms of molecular 
physics with references to capillary attraction and 
kinetic energy. Such detail follows logically but is 
unnecessary. A cut-off point must be established for 
the level of detail required, but that level will vary 
for different users of the system. The user's prior 
knowledge of the subject is clearly important. 
Conceptually, the support knowledge justifying a 
causal rule is a tree of rules, where each node is a 
reasoning step that can be justified in terms of finer 
grained steps. The steps or levels of justification 
are usually arbitrary, but some structure can be 
achieved by taking account of how deep an 
understanding is desirable and the prior knowledge of 
the user.
However, this kind of tree is unwieldy. Explaining a 
single rule does not require that every detail of 
causality be considered, instead a relatively high 
level of explanation is usually satisfactory, enabling 
the user's prior knowledge to make contact with known 
concepts.
Taking the tree argument a stage further, it can be 
argued that rules that cannot be used as explanations 
are written at the wrong level of abstraction. 
Conversely a system which always reasons from first 
principles would be an inefficient problem solver, 
disregarding the shortcuts which are so often cited to 
be evidence of expert behaviour (see Chapters 5 and
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6 below). Those first principles used by students of 
an area of expertise are compiled out of an expert's 
reasoning, enabling his higher performance of a task. 
Swartout (1980), in a critique of the MYCIN system, 
pointed out that MYCIN's strategy is different from that 
of the physicians'. MYCIN's strategic knowledge was 
embedded in the rules, and particularly in the ordering of 
rules. It was therefore indistinguishable from screening 
classes. There was no justification for the rule order 
and no implicit author rationale. The rule order was 
fixed only by the order that they were entered into the 
system and could consequently be considered arbitrary. 
Focusing upon a hypothesis and choosing questions to 
confirm that hypothesis are not necessarily arbitrary in 
human reasoning. This to Swartout raised serious doubts 
about using MYCIN for teaching a student how to reason, 
one of the system builders' key tenets for the system.
" It was surprising how little the explanation 
facility could accomplish for a student. Without 
a crisp characterisation of what we expect an 
explanation to convey, the program was of 
questionable value." (Swartout 1980).
Swartout then went on to reconstruct MYCIN to make 
explicit the knowledge implicit in rule design, thus 
making MYCIN more useful for teaching purposes. His major 
problem was however how to justify altering a program of 
good performance, and which was not fully documented. How 
could he rewrite at different levels of abstraction to 
those in the original rule base? Despite the good 
performance of MYCIN it is possible to imagine situations
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in which knowledge of justification and strategy allow a 
more flexible approach, particularly in novel situations, 
which surely is the goal of a system aiming to emulate 
human expertise.
Swartout's conclusion was that for the most part MYCIN's 
rules were not compiled in the sense that they represent a 
deliberate composition of reasoning steps by the rule 
author. They are compiled in the sense that they are 
optimisations that leave out unnecessary steps 
(unnecessary for an expert), and evolve steps or patterns 
of reasoning that cope with the demands of ordinary 
problems. A domain-independent representation of strategy 
would be more useful for teaching and purposes of economy. 
The facts that a diagnosis space is hierarchical, and that 
strategy must be represented in domain-independent form 
became central to the approach adopted to explanation. If 
the strategy is not domain-independent it can be taught by 
examples drawn from past cases, but not explained 
satisfactorily. The system has no higher conceptual model 
of its reasoning to draw upon.
2.6.4. Shells and Explanation
Most expert system shells exhibit only rudimentary
explanation facilities. In many, SAVIOR included,
facilities are provided which can act as prior
"explanations", that is, they appear before a line of
questioning takes place.
The "explanation" is thus not controlled by the user and
has, it is considered, limited application other than to
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keep the user up-to-date with what the system is currently 
investigating. For example, this prior form of explanation 
could be used by the system as follows to announce:
"I am now going to ask you some questions about 
the state of repair of the subject house."
The system would then proceed with the questioning. An 
alternative using a "trace" of the reasoning process would 
result in a statement being displayed between each 
question used. For example, "Currently investigating state 
of repair" might appear before the display of each 
question. This is clearly limiting.
Many shells utilise the "canned text" approach to 
producing explanations, and more recent products like the 
LEONARDO shell have begun to generate explanations from 
the source code. They all however suffer from the 
limitations in 2.6 above.
2.7. CONCLUSION
To be acceptable, it is argued that consultant programs
must be able to explain what they do and why they do it.
Current programs fail to provide adequate explanations
and justifications for two main reasons:
a. the knowledge required to produce justification is not
represented within the system; 
b. there is a lack of separation between the steps
required to get the system to work, and those
motivated by the domain of operation.
Equally, the existing shell programs suffer from these 
limitations and none can be said to be well suited to
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providing explanations. At best the shell will supply
explanations through the following procedure:
a. Determine the level of abstraction for the description
of the step; 
b. establish a more global view of what the system is
trying to demonstrate; 
c. find and describe the principle which allows the
refinement of that step; 
d. describe that more refined step.
Put more simply, the system finds the level of reasoning 
above the current level and uses that as an explanation. 
This may not always be as explicit as the user requires, 
but within the confines of the system, such explanations 
are often useful and generally reasonable. This form of 
explanation tells the user what is being checked but not 
necessarily why. That is, what will happen if XYZ is true 
or false. Nor does it say why the factors XYZ it is 
investigating are considered to be of importance. 
In some domains, notably domains less "diagnostic" in 
nature, the production of suitable explanations by this 
method may be impossible in practical terms, i.e. the 
"explanation" may be of such little utility as to be 
worthless. However there is at present no alternative to 
these features. Fox (1988) notes that:
"... in the ten years since the early days of 
the "expert systems fashion" , when the 
explanations offered by expert systems were 
viewed as "liberation" for software users, 
"progress" on the user interface in general, 
and the "explanations" offered by expert systems 
in particular, seems conspicuous by its absence."
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Clearly, current systems are constrained by the available 
technology and a major effort is required of the software 
engineering community before expert system can exhibit the 
intelligibility and flexibility that the definitions in 
2.2. above would imply.
45
REFERENCES
Adams, J.B. (1976). A Probability Model of Medical 
Reasoning and the MYCIN Model. Mathematics and 
Bioscience. Vol. 32. 177-186.
Ahad, R., Basu, A., (1986). Explanation in an Expert 
System. In Kama et al (Eds). Proceedings of Expert 
Systems in Government Symposium. I.E.E.E. Computer 
Society Press, 318-324.
Brandon et al (1987). The Application of Expert Systems 
to Quantity Surveying. Draft summary final report. 
University of Salford.
British Computer Society Specialist Group on Expert 
Systems. Newsletter No.4. October 1981.
Buchanan, E.G., Sutherland, G.L., Feigenbaum, E.A. 
(1969). Heuristic DENDRALs A Program for Generating 
Explanatory Hypotheses in Organic Chemistry. In 
Meltzer, B., Michie, D. (Eds). Machine Intelligence 
Vol. 4. Edinburgh University Press.
Clancey, W.J. (1983). The Epistemology of a Rule-based 
Expert System. Artificial Intelligence Vol. 20. 215- 
251.
Duda, R.O., Hart, P.E., Barrett, P., Gaschnig, J., 
Konolige, K., Reboh, R., Slocum, J. (1978). 
Development of the PROSPECTOR Consultation System for 
Mineral Exploration. Final Report. SRI Projects 5821 
and 6415, Artificial Intelligence Centre, SRI 
International Menlo Park, California.
Editorial (1987). The Evolution of Knowledge Systems: 
Ideological Confusion or Healthy Pragmatism? The 
Knowledge Engineering Review Vol. 2.2.
Ernst, G., Newell, A. (1969). G.P.S.: A Case Study in 
Generality and Problem Solving. Academic Press.
Ferrand, P. (1985). SESAMt An Explanatory Medical Aid 
System. In O'Shea, T. (Ed). Advances in Artificial 
Intelligence. Elsevier.
Forsyth, R. (1984). Expert Systems: Principles and Case 
Studies. Chapman and Hall.
Hayes-Roth, F., Waterman, D.A., Lenat, D.B. (1983). 
Building Expert Systems. Addison Wesley.
Hughes, S. (1986). How and Why: How Far Will They Take Us, 
and Why Should We Need Any More? In proceedings of 
Alvey Workshop on explanation. University of Surrey. 
69-62.
46
Ince, D. (1987). Neural Computers that Mimic Brain's 
Structure. The Independent. 9.11.87.
Jackson, P. (1986). Explaining Expert Systems Behaviour. 
In proceedings of Alvey Workshop on explanation. 
University of Surrey. 83-95.
Johnson, L., Keravnou, E.T. (1986). Competent Expert 
Systems: A Framework for More Adequate Explanations. 
In proceedings of Alvey Workshop on explanation. 
University of Surrey. 96-119.
Kidd, A. (1985). What do Users Ask? Some Thoughts on 
Diagnostic Advice.In Merry, M.(Ed). Expert Systems 85. 
Cambridge University Press.
Kidd, A. (1987). Knowledge Acquisition for Expert 
Systems: A Practical Handbook. Plenum Press.
Kunz, J.C., Fallat, R.J., McClung, D.H., Osborn, J.J., 
Votteri, R.A., Nii, H.P., Aikins, J.S., Fagan, L.M., 
Feigenbaum, E.A. (1978). A Physiological Rule-based 
System for Interpreting Pulmonary Function Test 
Results. Report HPP-78-19, Heuristic programming 
project, Computer Science Department, Stanford 
University, Stanford, California.
LEONARDO. Creative Logic Ltd. Brunei Science Park, 
Kingston Lane, Uxbridge, Middlesex. UB8 3BR.
McDermott, J. (1980) Rl: A Rule-based Configurer of 
Computer Systems. Technical Report. C.M.U.-CS-80- 
119. Department of Computer Science, Carnegie-Mellon 
University, Pittsburg.
Mehdi, N. (1987). In conversation with the Author.
Mehta, A. (1988). Computers that Mimic the Brain. The 
Independent. 11.1.88.
Mulhall, T. (1983). Background of Expert Systems. 
Knowledge Based Systems Centre at the South Bank.
Rychener, M.D. (1985). Expert Systems for Engineering 
Design. Expert Systems Journal. Vol. 2.1.
SAVOIR User Manual. I.S.I. Ltd., Redhill, Surrey.
Shortliffe, E.H. (1976). Computer Based Medical 
Consultation: MYCIN. Elsevier.
Sloman, A. (1979). Epistemology and Artificial 
Intelligence. In Michie, D. (Ed) Expert Systems in 
the Micro-electronic Age. Edinburgh University Press.
47
Swartout, W.R. (1980). Producing Improved Explanation and 
Justifications of Expert Consulting Programs Using an 
Automatic Programming Approach. (Ph.D. thesis). 
Massachusetts Institute of Technology.
Swartout, W.R., Smoliar, S.W. (1987). On Making Expert 
Systems More Like Experts. Expert Systems. Vol. 
4.3. 196-207.
Teach, R.L., Shortliffe, E.H. (1984). An Analysis of 
Physicians' Attitudes. In Buchanan, B.C. et al. Rule 
Based Expert Systems. Addison Wesley.
Van Melle, W., Shortliffe, E.H., Buchanan, B.C. (1981).
EMYCIN: A Domain Independent System that Aids in
Constructing Knowledge-based Consultation Programs.
Machine Intelligence, Infotech State of the Art Report
9.3.
Warner Hasling, D., Clancey, W.J., Rennels, G. (1984). 
Strategic Explanations for a Diagnostic Consultation 
System. In Coombs (Ed) Developments in Expert 
Systems. Academic Press. 117-133.
Yu, V.L., Buchanan, B.G., Shortliffe, E.H., Wraith, S.M., 
Davis, R., Scott, A.C., Cohen, S.N. (1979). Evaluating 
the Perfomance of a Computer Based Consultant. 
Computer Programming in Biomedicine. Vol. 9. 95-102.
48
CHAPTER 3 
VALIDATION OF EXPERT SYSTEMS
3.1. GENERAL
It was noted in 2.1. above that many of the early systems
are claimed to be highly successful. This raises the
question of the criteria by which the success or failure
of such systems should be judged.
Boehm (1978) suggests the following criteria for
conventional software evaluation:
a. portability;
b. reliability (i.e. completeness, accuracy and
consistency); 
c. efficiency; 
d. human engineering (i.e. is it easy to use and
assimilate); 
e. testability;
f. understandability (i.e. concision, legibility); 
g. modiflability.
However, expert systems emphasise qualitative reasoning, 
not quantitative calculation, the manipulation of symbols 
and knowledge rather than numbers. The data they operate 
with can be imprecise, facts unreliable and the rules 
rough and ready. Conclusive evaluation is consequently 
harder; there is no consistent underlying algorithm to be 
proved as in conventional data processing, nor is there 
usually enough test data to prove the "correctness" of the 
system. For example; an expert system for disaster
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management at a nuclear power station could never be 
tested fully for fear of failure. Similarly past cases 
may simply not exist against which to test a system. The 
READ expert system for determining software functional 
requirements for command management activities of the 
North American Space Agency-supported satellites was 
evaluated against the decisions of three experts in the 
field. No test cases were available, and in some cases 
disagreement between the experts mean that there was no 
standard against which to judge the system (Liebowitz 
1986).
Despite the limitations of this approach, often the only 
available criterion for assessing the effectiveness of a 
system is to compare its behaviour with that of one or 
more experts - the so called "Gold Standard" (Slatter 
1985).
3.2. TYPES OP EVALUATION
Evaluation can be broken down into two subtypes:
a. static;
b. dynamic or active.
Static evaluation tests merely the solutions or advice
offered by the system, i.e. does the system offer the
"correct" advice?
Dynamic evaluation is more complex and involves
establishing whether or not the system uses the same
reasoning strategy as the expert upon which it is
modelled. It is how a goal was achieved rather than the
achievement itself. Issues to be addressed in dynamic
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evaluation are:
a. is the knowledge represented within the system
adequate, or does it need to be extended or modified? 
b. is the system coming up with right answers for the
right reasons? 
c. is the embedded knowledge consistent with that of the
expert's?
Evaluation of these factors is inextricably linked with 
the knowledge elicitation and representation processes, 
and can only be made with reference to the elicited model 
of expertise. Further, the representation under assessment 
is necessarily constrained by the power of the software 
and hardware utilised.
Considering the mortgage valuation demonstrator, there is 
evidence to suggest that a "frame-based", or "object- 
orientated" approach might prove very suitable for 
representing the comparative method of valuation. No 
shell containing this form of representation was available 
at the time of purchase although a number have since been 
produced (see Chapter 6). Equally, a more powerful micro- 
computer would raise both productivity of programming and 
speed in operation. The relatively small demonstrator 
built is capable of "crashing" the system due to lack of 
memory space in the I.B.M. P.C. in certain circumstances. 
Clearly these complex objects and processes cannot be 
evaluated by a single criterion, and the evaluators may 
fail to evaluate objectively for a variety of reasons:
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a. the evaluators may not, because of the complexity of
objects and processes clarify what is being evaluated; 
b. the evaluators may disagree about the relative
significance of the various criteria according to
their respective interests; 
c. evaluation against preselected cases may bias the
results by narrowing the scope of the testing; 
d. the evaluators may fail to select appropriate
standards against which to test the system. 
Despite these problems, evaluations are made, even if most 
are informal. Evaluation necessarily pervades the system- 
building process and is crucial for improving system 
design and performance. Each time a rule is changed, 
added or deleted or code is changed, modified or 
extended, an evaluation has taken place.
3.3. EVALUATING EXPERTS
A further reason for the present difficulty in evaluating 
expert systems, particularly in the dynamic sense, is that 
the human experts they are based upon are seldom evaluated 
objectively. Bell (1985) notes that:
"... Human experts often continue to be experts 
until discredited."
At best they usually pass some kind of test, or achieve 
some standard to become licensed or certified in an area 
of specialisation. These tests, for example, the 
I.S.V.A.'s Professional Assessment, and the R.I.C.S.'s 
Test of Professional Competence, are seldom comprehensive, 
unambiguous, rigorous or even capable of objective
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assessment. They are also not a suitable standard against 
which to test an expert system. Usually the test will be 
too broad in content for the limited range of the current 
generation of expert systems. Indeed it has been argued 
that as expert systems reproduced only a portion of an 
expert's domain it is perhaps unfair to compare the 
performance of that limited system with its diverse human 
counterpart (Gaschnig et al 1983). The program can only 
"know" what falls within its limited domain of expertise, 
and is capable of "hearing" only pertinent facts relating 
to the case in question. It therefore perceives what 
could be argued to be a considerable simplification of the 
issues. Noting this point, there is, perhaps surprisingly, 
evidence to suggest that the bias found in testing works 
in favour of the restricted computer-based system, rather 
than the more sophisticated human with its wider expertise 
to draw upon.
De Dombal (1972), and Bjerregaard (1976) produced the 
following results in two comparable studies of computer- 
based diagnosis of abdominal pain. De Dombal, using a very 
narrow domain of possible causes of pain, was able to 
produce 91.8% accuracy using the computer program, 
compared to 79.6% for Senior Clinicians, 77% for resident 
registrars and 65.6% for all physicians (see Figure 3). 
Bjerregaard found it impossible using the same system to 
exceed the 65% figure obtained for all physicians. 
Differences between the two tests were primarily in the 
different admission policies of the two hospitals. In
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Bjerregaard's study all patients with abdominal pain were 
initially admitted to the abdominal surgery unit where the 
trial was carried out. Only then were they moved out to 
urological and gynaecological units. In De Dombal's test, 
hospital patients were admitted directly to these units, 
reducing the number of possible causes of the abdominal 
pain.
FIGURE 3 
ACCURACY OF ABDOMINAL PAIN DIAGNOSES
De Dombal . 
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"...although the list of potential causes of 
abdominal pain is almost endless in practice 90% 
suffer from one of nine problems".
Clearly, when expanded to deal with all nine of these 
problem categories the original system degraded in 
performance quite rapidly. The evidence of a highly 
restricted test can therefore be misleading. Equally 




Both De Dombal and Bjerregaard made their assessments of 
accuracy by using the actual pathological diagnoses found 
during the surgical operation. This kind of "post-mortem" 
approach can be criticised for not allowing the system to 
be misled by the symptoms of illness in the same way as 
human experts might be. Whilst criticising this method of 
assessment, a post mortem of system failure is often the 
richest source of information about an area of expertise. 
The publication of those results may often prove more 
significant than the documentation of a system's success 
rate. It is however of more use during knowledge 
elicitation (see Chapter 5) than in formal evaluation, and 
may not appear significantly rigorous to satisfy those who 
prefer accountability through controlled, statistically- 
significant studies of performance. 
The two possible standards are therefore: 
a. that which eventually turns out to be the correct
answer, as used above by De Dombal and Bjerregaard; 
b. that which a group or single expert concludes as the
correct solution when presented with the same
information.
Each has deficiencies. If standard a. is adopted and both 
system and experts are wrong, does the system truly fail? 
It does after all exhibit "expert" performance. 
In the MYCIN experiments it was noted that the output of 
patients treated for serious infection is not correlated 
100% with the therapy used, that is to say some die
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despite the best intentions and attentions of the doctors 
and some get better on their own. These cases will affect 
the assessment of a system although it is hard to see 
whether this would be detrimental or advantageous (Yu et 
al 1984). Partly for the latter reason MYCIN was assessed 
against, and outperformed a peer group of specialists. 
But, as noted in 3.3 above, most experts are not subject 
to a rigorous evaluation of their decisions. How good in 
that case is the standard set? For the mortgage valuation 
project it is considered that accuracy expressed in terms 
of a one expert "peer group" or a consensus of value from 
a random selection of valuers are the most appropriate 
standards. The indications for the results of the latter 
are not encouraging when the Hagar-Lord critique of 
the accuracy of professional valuation advice is 
considered (Chartered Surveyor Weekly 1985). In addition 
to simple accuracy Gaschnig et al (1983) remark that:
"There is an increasing realisation that expert- 
level performance may require heightened 
attention to the mechanisms by which domain 
experts actually solve the problems for which 
expert systems are typically built."
Slatter (1985) puts it more strongly:
"The expert's judgement is the only gold 
standard. It can be satisfied by simulating the 
cognitive process of the expert".
Whilst considering Slatter's cognitive psychology approach
to be beyond the current project, it is clear that the
following issues must be addressed:
a. objective standards of excellence must be used;
b. sample bias must be reduced as far as possible;
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c. the small test sample size for the second system
(78 test cases); 
d. a definition of a realistic standard of performance
must be made, wether with reference to legal precedent
or the expert's performance; 
e. realistic expectations of time-input from the expert
must be held if he is to be involved in the testing.
3.5. WHAT TO EVALUATE
Noting the above, an evaluation of the mortgage valuation 
system may be based upon some, or all of the criteria 
listed below:
a. the quality of the decisions and advice offered; 
b. the correctness of the reasoning techniques used; 
c. the quality of human/machine interaction; 
d. efficiency;
e. cost effectiveness (Gaschnig 1983).
The first of these is a logical area to emphasise as it is
the most practical to measure, assuming an acceptable
standard can be set. An objective standard in this static
testing is best achieved by comparison with the "returned"
values of the mortgage valuer on the following grounds:
(i) the single valuer has offered an "expert" opinion of
open market value. Only he has seen the subject
property and produced a valuation. Any use of
multiple valuers would involve less "expert"
conclusions based upon less complete information
when the original valuer's inspection is considered;
(ii) a valuation is a subjective matter of opinion. It
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is considered more difficult to defend an "averaged 
subjective opinion" than a single subjective 
opinion, particularly when (i) above is considered; 
(iii) an assessment against sales prices achieved does not 
compare like with like. These "post mortem" values, 
what is eventually paid despite the mortgage 
valuation, can be criticised using arguments both 
generally, from De Dombal's study, and particularly, 
from the valuation world: i.e., an imperfect market, 
lack of information to unsophisticated, irrational 
buyers.
Taking these arguments a stage further it can be argued 
that the professional valuer is the best informed, most 
rational measure of property value available. Bias can be 
reduced by "not selecting" cases for testing. All cases 
that can be used therefore should be used. This will also 
assist in making the sample as large as possible. 
In evaluating realism in the standard set, if human levels 
of performance are required then the standards by which 
humans are measured by must be considered. In MYCIN the 
builders wanted a 90% acceptance of their diagnoses by 
consultants, in the event only 75% acceptance was 
achieved. Naturally the builders were disappointed. It 
was later found that even Infectious Diseases Faculty 
Members only had a 70-80% rate of acceptance of their 
diagnoses. The 90% standard set was therefore 
unrealistic, inadequately reflecting the level of 
disagreement that can exist between experts (Buchanan et
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al 1984). Although the mortgage valuation system is in 
essence evaluating a known value to confirm or otherwise 
its "reasonableness" as a market value, its evaluation 
suffers from the general difficulty encountered in proving 
valuations. For example, an over-valued property will 
eventually sell in a rising market, Conversely an 
undervalued property sells quickly, but could be claimed 
to have been pitched exactly "at" the market value. 
Testing with reference to the valuer whose cases the 
system uses as comparable information is considered the 
most acceptable method. Further, this test should be made 
with reference to past cases, rather than testing the 
valuer at the same time and under the same conditions as 
the system, and comparing the results. This is considered 
more acceptable in terms of committing the valuer's time 
to the project, and avoids the problems which may occur if 
the valuer performs badly in an artificial testing 
environment.
3.6. EVALUATING THE MORTGAGE VALUATION SYSTEM 
For the mortgage valuation system it is noted that errors 
of up to 10% are considered acceptable in valuation 
accuracy (Singer & Friedlander Ltd. v John D. Woods & Co. 
(1973) 243 EG 212, 295). Most valuers however consider 
they are able to value to within 5% of open market value 
(Adair, McGreal 1986). It should be recognised that 100% 
accuracy is not achieved by human experts. It should not 
therefore be expected from a system emulating that human 
ability.
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"A system on a par with the expert is acceptable 
particularly if it contains good interactive 
features" (Teach, Shortliffe 1984).
These points however are more properly directed towards a 
commercial system. The correctness of the reasoning 
techniques used was ignored by both MYCIN and PROSPECTOR 
(Duda et al 1978) which concentrated upon the criterion of 
accuracy. The anthropomorphic qualities of a system are 
now seen to be of increasing importance. For the mortgage 
valuation system, the assessment is based upon a model 
which appeals to the "common-sense" of practising valuers. 
Unlike the assessment of value this evaluation can utilise 
a number of valuers. The "reasonableness" of the system's 
operation can be discussed in the light of their common 
valuation expertise, unlike the static testing's reliance 
upon individual cases.
This approach would appear to be the only realistic 
standard that can be set at the present level of the 
development of the methodology. Quality of human/computer 
interaction is also subjective; however the expert 
system's question and answer style of operation is easy to 
use in the valuers' opinions.
The choice of questions and responses is therefore 
important, as is the ability to give advice in the terms 
that the users understand.
Each of the definitions of expert systems in 2.3. above 
require the system to exhibit an ability to explain the 
advice proffered to the satisfaction of the user. This 
was discussed more fully in Chapter 2; however, it is
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considered that the production of suitable explanatory 
facilities improves the acceptance of the system, and 
their utility should therefore form part of the 
evaluation.
Evaluation of efficiency in operation and cost 
effectiveness are considered beyond the scope of a project 
at this fundamental level of research.
3.7. CONCLUSION
It is considered that the evaluation of the performance of 
the demonstrator, both static and active, should be viewed 
as an indicator of the potential of the expert systems 
approach to residential property valuation, rather than 
used to relate the rate of success of this limited 
prototype to that of other, more established, approaches 
to computer-assisted valuation. One evaluation that is 
almost impossible to quantify is the impact of the system 
as a stimulus to further research, although this is 
considered as important as any other benefit at this early 




Adair, A.S., McGreal, W.S. (1986). The Direct Comparison 
Method of Valuation and Statistical Variability. 
Journal of Valuation, Vol. 5.1. 41-48.
Adrion, W.R., Branstad, M.A. , Chernausky, J.C. (1982). 
Validation, Verification and Testing of Computer 
Software. A.C.M. Computing Surveys, Vol. 14.2.
Bell, M.Z. (1985). Why Expert Systems Fail. Journal of 
the Operational Research Society, Vol. 36.7. 613-619.
Bjerregaard et al (1976). Computer Aided Diagnosis of the 
Acute Abdomen: A System from Leeds Used on Copenhagen 
Patients. In Gremy and De Dombal. Decision making 
and Medical Care. North Holland. 165-171.
Boehm, B., Brown, J.R., Kaspar, H., Lipow, M., Macleod, 
G.J., Merrit, M.J. (1978). Characteristics of 
Software Quality. North Holland.
Breuker, J.A., Weilinga, R.A. (1983). Analysis Techniques 
for Knowledge-Based Systems. Report 1.1. Esprit 
Project 12.
Buchanan, B.G. et al (1984). Rule Based Expert Systems. 
Addison Wesley.
Chandrasekaran, B. (1983). On Evaluating A.I. Systems for 
Medical Diagnosis. A.I. Magazine, Vol. 4.2.
Chartered Surveyor Weekly (1985). Case Study Mauls 
Valuations 24.1.85. 181.
Duda, R.O., Hart, P.E., Barrett, P., Gaschnig, J., 
Konolige, K., Reboh, R., Slocum, J. (1978) Development 
of the PROSPECTOR Consultation System for Mineral 
Exploitation. Final Report, S.R.I. Projects 5821, 
6415. Artificial Intelligence Centre, S.R.I. 
International, Menlo Park, California.
Gaschnig J., Klahr P., Pople H., Shortliffe E., Terry A., 
(1983). Evaluation of Expert Systems: Issues and Case 
Studies. In Hayes-Roth, Waterman, Lenat et al (eds) 
Building Expert Systems. Addison Wesley.
Keeney, R.L., Raiffa, H. (1976). Decisions with Multiple 
Objectives: Preferences and Value Tradeoffs. John 
Wiley & Sons.
Liebowitz, J. (1986). Useful Approaches for Evaluating 
Expert Systems. Expert Systems Vol. 3.2. 86-96.
62
McCarthy J. f Hayes P.J. (1969). Some Philosophical 
Problems from the Standpoint of Artificial 
Intelligence. In Meltzer and Michie. Machine 
Intelligence 4. Edinburgh University press.
Newton, S. (1986). Design Decision-making and Computer 
Intelligence. Portsmouth Polytechnic, Dept. of 
Surveying.
Singer & Friedlander Ltd. v John D. Wood & Co. (1977). 
243 EG 212, 295.
Slatter P.E. (1985). Cognitive Emulation in Expert System 
Design. The Knowledge Engineering Review Vol. 1.2.
Stevens, A. (1984). How Shall We Judge an Expert System? 
In Forsythe (Ed) Expert Systems: Principles and Case 
Studies. Chapman and Hall.
Suwa, M. Carlisle Scott, A., Shortliffe, E.H. (1984). 
Completeness & Consistency in a Rule-Based System. In 
Buchanan et al. Rule-Based Expert Systems. Addison 
Wesley.
Teach, R.L., Shortliffe, E.H. (1984). An Analysis of 
Physicians' Attitudes. In Buchanan et al. Rule-Based 
Expert Systems.
Yu, V.L., Fagan, M., Wraith Bennett, S., Clancy, W.J., 
Carlisle Scott, A., Hannigan, J.F., Blum, R.L. , 
Buchanan, E.G., Cohen, S.N. (1984). An Evaluation of 




EXPERTISE IN THE MORTGAGE VALUATION DOMAIN
4.1. GENERAL
Having concluded in 1.3. above that the knowledge-based or
expert systems approach to mortgage valuations must rest
upon, in the first instance, a representation of a
valuer's expertise, it is necessary to discuss further the
nature of that expertise before considering how it may be
acquired.
The word "expert" is used widely to refer to certain
individuals in a variety of situations. Because of this
variety, an individual may exhibit expertise in one field
yet not in another. Expertise is therefore domain
dependent.
Although the term "expert" is commonly used, it is
difficult to define. The Concise Oxford English
Dictionary describes an expert as:
"A person having special skill or knowledge". 
In Longman's English Larousse it is:
"Someone whose knowledge is a result of much 
practical experience".
The New Penguin English Dictionary combines the two to 
produce:
"Someone having or showing special skill or 
knowledge derived from training or experience".
None of these definitions explains how an expert actually 
gains this specialised knowledge, nor what degree of 
expertise constitutes an expert-level of performance. The
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keyword would appear to be "experience", although Webb 
(1985) suggests that an innate ability may exist which 
predisposes an individual to develop into an expert in a 
particular field.
The majority of previous research has concentrated upon 
trying to evaluate expert behaviour by contrasting it to 
novice behaviour in the same field (Skitmore 1985, De 
Groot 1965, 1966). Before considering this point it is 
pertinent to discuss the components of expertise.
4.2. COMPONENTS OF EXPERTISE
"Expertise" can be considered as a body of operative 
knowledge. That knowledge however permits more than one 
task to be carried out. It implies a rationale or theory 
of the task to be undertaken, and hence enables the 
justification of the performance of the task to a non- 
expert .
One feature of expertise is that it usually comes in 
narrow, specialised domains, e.g. building construction, 
investment appraisal. The specialisation inherent in 
expertise appears to reflect a trade-off between depth and 
breadth of knowledge. It is only possible to know a great 
deal about a small number of things. This reflects the 
constraints of the human information processing system in 
both time required to assimilate information and memory 
space available.
Research into expertise attempts to explicate the nature 
of a specific kind of knowledge, and its role in 
performing expert-level tasks. This translates to the
65
current research as:
a. what information does the valuer use?
b. how is that data utilised?
c. what results are achieved using that data?
The knowledge or methodology used by the valuer must
therefore be made explicit. This will provide an insight
into the underlying judgmental reasoning used by the
valuer, and produce a more formal explication of the
comparative method of valuation for mortgage purposes.
Valuers however, in common with other experts, have
different types of information which can be considered as
being of four distinct types:




Of the above, common sense and textbook knowledge can be
considered self-explanatory.
Theoretical knowledge equates to the domain theory. The
"owner" of this knowledge is able to "design" the task in
question from his first-principles knowledge about the
domain of expertise in question.
Operational knowledge is the step-by-step procedure, which
when followed, allows the expert task to be carried out.
However the "owner" of this knowledge, whilst knowing the
procedure, may not be able to derive the sequence from
first-principles for himself. He displays "expertness"
rather than true expertise (see 4.4.).
66
The valuation domain may also be split into five areas of 
expertise which more fully explicate the knowledge 
involved.
a. public knowledge; __ consensus
knowledge 
b. shared domain knowledge; ..__...
c. personal experience of past cases;
d. personal methods or expertise; no
concensus 
e. personal knowledge about reasons for
methods used in d. 
The consensus knowledge can be considered as the general, 
widely-held views on property valuation, i.e. almost 
everyone has an opinion of value for a residential 
property, and some knowledge of the procedures used by 
valuers. This constitutes the public knowledge. The shared 
domain knowledge is available in textbooks, trade journals 
etc., and so is not truly public, i.e. it is consensus 
va1uers' knowledge.
Each of the remaining types of knowledge can be termed 
non-consensus knowledge. It is knowledge that is 
intrinsic to individual valuers. It is rarely discussed, 
and even more rarely written down.
4.2.1. Levels of Analysis in Expertise.
These types of expertise can be assessed at four levels of
analysis (Dillard and Mutchler 1987).
a. the general decision process level;
b. the requisite technical knowledge level;
c. the technical operator level;
d. the cognitive operator level.
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At each of these levels, models of expertise can be 
constructed to greater or lesser degrees of less detail. 
This relates strongly to the concept of different "grain- 
sizes" in knowledge (Feigenbaum 1979). Less detail equates 
to larger grain-size and vice-versa.
a. at the general decision process level/ the valuation 
model assesses whether the agreed price for the 
property is a reasonable approximation to the valuer's 
opinion of open market value. The concepts involved 
are somewhat abstract and the "grain-size" of 
knowledge used large. Considerable amounts of 
knowledge are not made explicit, they are assumed in 
the model;
b. at the level of technical knowledge, basic valuation 
principles must be defined and technical concepts 
outlined. For example, the importance of structural 
stability and the consequent effect upon value. Some 
of this information will be memory-resident, but 
equally some will be case data, for example, 
information about particular construction types, 
groups of houses, site conditions etc. This can be 
considered a model of the task, and an approximate 
emulation of this memory-resident element forms the 
basis of the current system. Case data is stored in 
the database part of the system, and is manipulated by 
the representation of the valuer's methodology; 
c. the technical operator level contains the basic 
reasoning mechanisms, i.e. the IF-THEN constructs.
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These operations are carried out in conjunction with 
components of technical knowledge. This level of 
expertise allows the valuer to decompose his skills 
into smaller items of knowledge, for example, total 
scheme costs into site value and building costs. 
This clearly requires an understanding of the 
substance, and relationships between the constructs. 
For example, a market niche, such as retirement homes, 
may provide a profits boost to a housebuilder in 
comparison to standard market properties. This then 
is the explicit level of description of the domain, 
for example, criteria for choosing comparable 
properties;
d. the cognitive operator level contains no domain 
knowledge, but is used in conjunction with the 
expert's technical knowledge and technical operators. 
It seems to provide a link or interface between the 
expert's general problem-solving capabilities and the 
technical components of the domain. This could 
therefore be likened to a "tool-box" which contains 
cognitive, general problem-solving strategies which 
can be applied to the problems of the valuation in 
question as required. Typical strategies are: 
(i) comparison; 
(ii) evaluation; 




(i) comparison requires that the elements to be 
compared be identified, located and their differences 
or similarities determined. Technical knowledge and 
operators may be needed to locate them and "transform" 
them so that comparisons can be more easily made. 
Comparison in the valuation domain will also relate to 
past cases;
(ii) evaluation requires a high degree of sophist- 
ication in the interaction of technical knowledge, 
cognitive operators and technical operators. The 
evaluation of the comparison process for example, 
considers whether the comparables exhibit a high 
degree of comparability or not. At a further level of 
evaluation there may be a search beyond that 
conclusion to establish explicitly why the comparables 
show weak comparability;
(iii) Scenarios will largely be based upon the results 
of comparison and evaluation. Projections of value 
based upon "when completed" scenarios for example, 
will be based on comparison between an "imaginary" 
completed property and the evaluation of the 
comparables available against which to assess that 
imaginary property;
(iv) recall is self-explanatory. The valuer can 
recall from memory information, scenarios, conclusions 
and recommendations which have been previously 
identified or derived in previous work. This relates 
to analogous thinking which is discussed in 4.6.;
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(v) the rule is an item of knowledge or advice which 
can be considered to require no processing. The rule 
defines the processing to be carried out upon other 
items of information.
Examining these four levels of expertise, it is not 
possible, when talking to an expert, to know a priori at 
what level of analysis he is speaking at any one time. 
This is one of the reasons for the problems encountered in 
knowledge elicitation through interviewing (see 5.4.3.). 
The interview material must be "parsed" into separate 
thoughts which can be considered in turn and categorised 
before use (see Chapter 5 below).
4.3. VALUATION EXPERTISE
Considering the mortgage valuation domain, the primary 
operation would appear to be the comparison and evaluation 
of property. This requires some available benchmark, i.e. 
open market value, and some sense of an acceptable 
deviation from that benchmark. It appears that these 
evaluations could take place in a schema/frame based 
setting (see Chapter 6). The presence of these frames 
and the level of sophistication therein may be a central 
component of, and consequently prima face evidence for, 
the presence of valuation expertise.
4.4. EXPERTISE AND EXPERTNESS
Having discussed the basic components of "expertise" it is 
necessary to point out that not everyone who exhibits this 
level of ability can truly be called an "expert". The
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level of expertise exhibited could have been developed by 
prior training, thus creating a "para-professional". For 
example, graduate trainee valuers with limited experience, 
Valuation Office "cadet" valuers. The para-professional 
may meet the criteria of efficiency and proficiency in a 
task such that they display expertness in the performance 
of the task, but not necessarily the expertise of those 
who designed the sequence of activities they have 
mastered. This segregation is less evident in a poorly- 
defined domain such as residential valuation, i.e. the 
"sequence of activities" used in residential valuations is 
poorly described. "Expertness" can therefore be considered 
as proficiency in the specific mental operations or 
methodology used in computing a valuation solution. 
"Expertise" also attempts to account for how an abstract 
system might perform a task, a potential for "doing" the 
task. Expertise therefore contains the "deep" knowledge 
required to construct the problem as well as the surface 
knowledge required to solve it. Swartout (1981) has argued 
that this lack of 'deep' knowledge is the reason for the 
currently inadequate explanation facilities offered by 
existing expert systems.
4.5. DOMAIN V8 CONSULTANT EXPERTISE
If "expertise" requires a deep understanding of a domain 
rather than the mechanistic application of techniques in 
the manner of a para professional, there is equally a case 
for suggesting that consultant experts do not display the 
"deep" knowledge of the domain expert. Many valuers are
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however called upon to act as consultants, valuing 
property for different purposes. As consultants, these 
valuers are however successful over a range of valuation 
domains: they must therefore possess expertise based upon 
an ability to apply expertise across domains, rather than 
purely within them. It is pertinent therefore to consider 
whether valuers as consultants: 
a. work across domains where only general or weaker
problem-solving methods are necessary, i.e. the domain
knowledge required is not very "deep"; 
b. base their success on a variety of problem-solving
methodologies, i.e. this variety gives the consultant
more "tools" to use in different domains; 
c. possess heuristic knowledge which reflects strategic
aspects of a consultation process, which in turn
allows them to solve domain problems using their
clients' domain knowledge.
Differentiating these two forms of expertise, Johnson 
Nachtsheim and Zualkernan (1987) suggest that the 
perceptual cycle proposed by Neisser (1976) might be used 
by both consultants and experts, but at different levels 
of abstraction. The three step process proposed by 







The search samples the environment, the environment 
modifies the representation, i.e. the expert's ideas about 
the problem, the modifications to the representation in 
turn guide the search. The process is repeated until a 
settled representation is established. This occurs when 
the valuer's representation matches the environment. The 
process is therefore one of formulation and reformulation 
until stability.
This concept maps readily to the valuation domain. Given 
address and asking price (parts of the environment) the 
valuer can make an estimate, based upon his "expertise", 
of the "type" of house (in the broadest sense). Given the 
valuer's representation of the house, the remainder of the 
search will be confined by his prior model to more likely 
information. For example, the search for information 
regarding standard of improvement would be redundant if 
the representation under consideration is a new house. As 
more information is gained from the environment the 
representation is "firmed-up" until stability is achieved.
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Clearly, in a familiar domain problem many aspects of the 
cycle may be fixed. In a less frequently performed task 
for example, a residual appraisal performed by a building 
society mortgage valuer, a more abstract, theoretical or 
textbook method of solution generation must be used to 
compensate for the lack of domain knowledge. 
Reviewing these points, it can be argued that the 
consultant operates at the strategic level and the domain 
expert at the tactical. The consultant requires 
comprehensive domain knowledge to compensate for the lack 
of detail in his abstract representation of the problem. 
The domain expert is already familiar with the procedure 
required, and in most cases will have compiled that 
information out of his processing. The task has become 
automatic or "second nature".
This compiled knowledge is in turn explicitly used by the 
para-professional to carry-out the task in a step-by-step 
fashion. It is this procedural knowledge that will form 
the basic structure of the methodology from which to 
develop a knowledge-based system.
4.6. ANALOGOUS THINKING
This ability to place a problem within a frame of 
formulation also relates to the expert's ability to recall 
his past strategies in solving similar problems. Eliot 
(1987) suggests that successful systems analysts and 
managers often tend to discover key aspects of analysis by 
thinking back to previous problems.
75
Kolodner (1984) suggests that knowledge is built 
incrementally:
"By repetition, reasoning processes are refined 
and rigidity of rules learnt. Experience turns 
unrelated facts into expert knowledge."
This accords well with concepts of memory which record
organised episodes in a person's life. This episodic
memory is richer than semantic memory (see Chapter 6) and
yet produces greater economy of storage, as similar
episodes can be compiled to form a generalisation (Schank
1980). Equally this type of memory is very useful in
failure-driven learning. The generalisation of past
experiences enables the human to:
a. make an initial decision based on experience;
b. notice a failure;
c. assign blame;
d. correct the failure;
e. explain the failure;
f. update the memory (Schank 1982).
Clearly the two important stages for memory management are
the explanation of failure, and the memory update which
may take the form of an exception to the general rule, or
may force a complete revision.
This concept of experiential learning as the key to
"expertise" is important. Experts clearly know more about
their area of specialisation than novices. Further they
use that knowledge in a more efficient manner (Kolodner
1984) .
This confirms work by De Groot (1965, 1966) on the
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relative abilities of novice and experienced chess 
players. Experienced players when presented with 
established middle and end-game situations could reproduce 
the rest of the sequence without error in most cases. 
Novice players without the experience of past games to 
draw upon were unable to use this analogous thinking. 
However when random positions were established experienced 
players performed at the level of the weakest players. 
The use of prior problem solutions to solve current 
problems clearly applies to valuation work in the use of 
comparables. These prior "solutions" are directly 
referred to in the valuation process. From De Groot's 
work above it is clear that experts use analogies better 
than novices and para-professionals. Clearly the "expert" 
valuer will also use comparable information with more 
skill, thereby avoiding the bias that a distracting 
analogy, such as a freak comparable, may produce.
4.7. DOMAIN THEORY
From the above it can be argued that current expert 
systems operating within narrow domains of expertise and 
embodying expert procedure, exhibit "expertness" rather 
than "expertise". Further, to be able to form this 
procedure the domain structure must be understood and made 
explicit. This explains why it is easier to construct 
expert systems for well-documented domains of 
specialisation than it is for poorly-documented domains. 
Residential valuation can in many senses be considered a 
"theoryless" domain:
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"There is no well-accepted declarative 
description of knowledge, or the construction of 
a declarative description is not self evident, 
given the structure of the task...
"... It is not clear what the key entities 
are, what their attributes are nor what 
relationship exists between entities, let 
alone how a static, conceptual representation of 
the system, once formed would interact with the 
procedural requirements of the task"
(Chignell 1986).
In the U.K. residential valuers have been reported as 
being:
"...very reluctant to explain how they analyse 
and value by direct sales comparison"
(Mackmin (1985).
Mackmin goes on to suggest that the problem may be due to 
the often ignored conceptual difference between a selling 
agent, aiming for the best price, and a mortgage valuer, 
protecting the lending institution's investment. Very 
often this division is widened by the separation between 
unqualified and qualified staff. It can be argued that 
there are two domains to be considered: one, following 
Mackmin's theory, of "non-expertise", and one involving 
the production of supportable "professional" valuation 
advice. Even within the realm of "professional" valuation 
much is made of "knowing the market". Reports of 
compulsory purchase and taxation cases show that a 
"matching pairs" approach is the favoured method:
11 ... even though the comparables are rarely 
sufficiently similar for them ever to be regarded 
as matching pairs" (Mackmin 1985).
What appears to happen is that valuers, like De Groot's 
chess players, build up in memory, through experience, a 
large store of complex combinations of items of
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information, with links/ associations and cross 
references:
"The valuer's expertise is in large part 
therefore the ability to instantly recognise 
familiar patterns, even when they are subtly 
altered, whilst disregarding with the same acumen 
impossible hypotheses".
(Crofts, Scott, Gronow 1988).
If this view can be supported, then the major problem of 
reproducing this expertise is the explication of knowledge 
from the compiled form in which the professional valuer 
holds it in, to a computer-suitable representation. This 
would leave the valuation domain somewhere between 
compilable and induceable knowledge on Chignell's diagram 
(Figure 5).
4.8. MULTIPLE EXPERTS WITHIN A DOMAIN
Slatter's (1987) work would suggest that a domain of 
expertise is more properly a domain of related models of 
expertise, i.e. each valuer will have his own model of 
valuation expertise.
"Even within a particular speciality different 
experts...employ idiosyncratic reasoning 
strategies and knowledge representations"
(Slatter 1987).
"Human experts are known to be inconsistent, 
unreliable and to disagree with their colleagues 
on important matters... Whilst general 
principles underlying human thinking are 
discernible, the cognitive processes of different 
individuals cannot be combined or averaged very 
meaningfully." (Slatter 1987).
This is a point of view echoed by Mittal and Dym (1985):
"There may be many experts often with diverse 
opinions on how to solve their problems".








































































































































































































































































































































































































































































entail modelling cognitive weakness; however, he re­ 
affirms his argument that differences in experts' 
reasoning strategies may not map comfortably to general 
principles.
Hawkins (1983) suggests that experts store knowledge, and 
hence expertise in an "atomic" form as primitives, i.e. 
the smallest mental units possible. The expert's 
knowledge is organised in an elementary way by attaching 
patterns to associated features of those classified 
objects. It may be therefore, that valuers, as a class, 
hold substantially the same set of primitives regarding 
valuation knowledge, but individually, utilise different 
reasoning strategies around those primitives. 
The mental models they manipulate using Neisser's theory 
to achieve understanding, i.e. stability between their 
internal model and the environment, as received through 
their senses, may contain the same items, yet be arranged 
in different sequences. The final individual 
representations may therefore be very similar if they each 
could be fully elicited.
Boose (1985) has used the ETS and latterly the NEOETS 
knowledge elicitation packages to produce "hundreds" of 
prototype expert systems, each based upon a single expert 
(see 5.4.5.). Where more than one expert has been used in 
a particular area of expertise Boose has used the MINUS 
system (Shaw, Gaines 1986) to compare the two, or more, 
sets of elicited information to produce a joint model. 
This accords strongly with Slatter's related models,
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rather than a single universal model of expertise. 
Brandon et al (1987) have used a multiplicity of experts 
and forced the experts to come to some agreement over 
their knowledge where differences arise. One problem with 
this approach is that a forceful personality in a given 
elicitation process may effectively produce a single- 
expert, expert system, rather than the required multiple- 
expert system.
It can be argued that in order to develop a model of 
expertise it is therefore most productive to work with a 
single expert until a stable representation of expertise 
has been formulated. This approach was taken with 
PROSPECTOR (Duda 1978) and INTERNIST (Miller et al 1982). 
Rl (McDermott 1980), the only expert system claimed to be 
in regular use, followed this single expert approach and 
then underwent a further stage of development using other 
experts.
This forms a clear methodology for the current research. 
The representation of valuation expertise should first be 
elicited from a single valuer. It can then be exposed to 
the critical appraisal of other practising valuers. The 
collective revisions suggested could then be used to form 
the basis of a more generalised model.
4.9. CONCLUSION
Hawkins (1983) suggest that a suitable specification for 
expert systems design is the services available from a 
human expert in the field:
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"Properly designed and suitably applied an expert 
system can help its user to make well informed 
decisions. Failing this the system can be 
misleading and should therefore be ignored".
His requirements are as follows:
a. Learning from experience. The learning should involve 
using facts and functions - it is not just a storage 
and retrieval problem. This may be questionable, or 
at least open to a number of interpretations when 
other work above is considered, for example, De Groot 
(1965, 1966).
b. Understanding. The system should interact in the 
user's language, in the same way that experts 
accommodate themselves to their clients, i.e. simple 
explanations for non-expert clients.
c. Propagation of effect. The system should consider 
"what if" problems.
d. Conflict handling. The system should be able to 
resolve conflicts in information received, although 
this is most often applicable to "real-time" systems 
dealing with large amounts of information in rapid 
fashion, for example, manufacturing process control.
5. The system should be able to justify and explain its 
conclusions and reasoning. Further, the capacity to 
"degrade gracefully" at the limits of its expertise 
should be provided.
This specification is clearly one of ideality. Current
expert systems reproduce the input/output function of
experts in the field. In general however they lack the
"deep" knowledge required to produce many of the features
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requested by Hawkins. The system attempts to explicate 
the nature of a specific kind of knowledge and its role in 
performing a task. The methodology may perform the task 
proficiently but contain no capability to generate the 
actions used. The mortgage valuation demonstration system 
in common with most others, displays "expertness" rather 
than "expertise", and may be considered a "surface" 
system. The major problem in evolving more intelligent 
systems with increased "awareness" is the difficulty in 
accessing this deep knowledge (Chandrasekaran, Mittal 
1984). Greater research into knowledge acquisition and 
elicitation techniques, in particular the cognitive 
modelling approach, would therefore appear to be the way 
forward in producing the quality and adroitness of 
performance which appear to be the crux of the ordinary 
use of the word "expert". Until these factors are 
resolved, it should be clear that projects like the 
knowledge-based approach to mortgage valuation will be 
constrained by the limitations of the available 
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The knowledge used to construct an expert system may 
originate from many sources: textbooks, case studies, 
personal experience, databases or empirical data (Waterman 
1985). Clearly, the better documented a domain of 
expertise, the easier it will be to structure and automate 
that knowledge.
It was noted in 1.1. above that the comparative method of 
valuation is poorly defined and under-researched. For 
this reason most of the usual sources and knowledge quoted 
by Waterman above are not applicable to the mortgage 
valuation domain.
Whilst recognising the limitations imposed by both this 
paucity of documented knowledge and the current incomplete 
level of understanding of human expertise, it should 
nevertheless be possible to develop a methodology of 
valuation procedure based upon the working practice of 
valuation surveyors.
It was pointed out in 4.8. above that valuers often differ 
in their opinions and working methods. The resultant 
conflicting information from the different valuers can 
make the construction of a consistent knowledge base 
practically impossible. For this reason the initial 
research was directed at eliciting the expertise of a 
single valuer employed by the Collaborating Building
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Society. Subsequently the derived model was exposed to
the critical evaluation of other valuers to produce a more
general methodology (see Chapter 9).
As a prerequisite to the development of the methodology it
was necessary to identify key concepts used by the valuer
in the completion of his expert task. It was also
necessary to define:
a. what knowledge is used by the valuer;
b. how that knowledge is structured;
c. what decisions the expert makes, based upon a. and b.
above; 
d. what information is required for him to perform his
valuation function adequately.
The knowledge gained from the valuer was then to be 
represented within an expert system shell as a 
demonstration and discussion medium. This knowledge was 
not however easily accessible as explained in 5.2. below.
5.2. PROBLEMS WITH KNOWLEDGE
Most of the knowledge inside an expert's head is 
experimental and uncertain, good guesswork rather than 
facts and rigour (McCorduck 1979). However the 
professional authority of an expert is founded upon the 
assumption that experts solve problems in a rational, 
deterministic and even logical way (Breuker and Weilinga 
1983). Property valuers perhaps even more so than other 
experts justify their professional decisions and 
recommendations by quoting their experience as a 
sufficient basis of evidence of accuracy.
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Most surveyors are trained through a combination of 
academic study and practical experience. The academic 
element usually side-steps the comparative method of 
valuation, concentrating on other more fashionable 
methods, perhaps because these other methods are regarded 
as more "worthy" of academic pursuit (Gronow, Scott 1986). 
The student valuer must therefore discover which elements 
in the comparison process are significant and which are 
not through experience of actual cases. Therefore the 
knowledge he gains in this method may never become 
explicit. It is reduced and collapsed to a minimal and 
efficient form, and is accessed and utilised in this 
compiled format. Put simply: valuers are trained to 
perform their specialist function, not to explain the 
processes and reasoning used in its execution. 
It is relevant at this point to consider that the 
knowledge the valuer is compiling has never been made 
explicit. The distinction between this, and knowledge 
which was once explicit and then "forgotten" during 
compilation is important, the former being more truly 
implicit or tacit (Berry 1987). 
Reber (1980), suggests:
"Complex structures such as those underlying 
language, socialisation, perception and 
sophisticated games are acquired implicitly and 
unconsciously."
It can be argued that residential valuation skills are 
acquired in the same manner.
Valuers do not know explicitly how they arrived at a 
valuation decision based upon their skill and experience
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and even if they do, it may well be a major problem for 
that process to be described fully from the intuitive 
rules of thumb on which it may rest. The problem has been 
encountered in other fields. Hartley (1982) noted that:
"Good engineers were incapable of expressing 
their rule-following knowledge, even though they 
clearly worked in a systematic fashion."
Many valuers quote "a feel for the market" in a particular 
area as sufficient justification for their valuations. 
There must in fact be some kind of rigour beneath that 
stated opinion for a valuer to obtain any consistency in 
his approach and the resulting valuations. 
As a further point the valuer, in common with other 
experts, will describe what he thinks he does, or what he 
thinks he ought to do; what he actually does may be very 
different. For example, most valuers when asked to state 
what factors are relevant in a house price can quote a 
list of variables generally considered value-related. 
Should a variable not on that list be suggested, it is 
reasonably likely that the valuer will adopt that variable 
as value-significant. The valuer believes he ought to 
have taken such a variable into account and so adopts it 
regardless of whether or not it was actually considered. 
This relates strongly to accepted theory that humans are 
better at recognition than recall (McDougall 1904). 
There is also the danger that asking the valuer about his 
methods may change the way he carries them out. 
Reliability is strongly affected by circumstances, and 
someone's after-the- fact explanation of their behaviour
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does not always correspond to the reasons they give when 
speaking aloud during that behaviour. Finally, the need 
to produce a socially acceptable answer, or "textbook 
fiction" (Feigenbaum and McCorduck 1983), in some 
situations must also be considered, particularly when 
dealing with knowledge a valuer may not wish to see 
written down.
Papert (1970) has proposed this taboo on illogical thought 
as one of the strongest of the late twentieth century:
" .. .more so even than that of indecent physical 
exposure."
For example, the justification of a valuation for which 
little, or very poor comparable evidence is available does 
not usually make for very convincing reading. It may also 
explain the popularity of auctions for the disposal of 
such properties.
This problem has been described as the "paradox of 
expertise" (Johnson 1983). The fact is that the more 
competent experts become, the less able they are to 
describe the knowledge they use to solve problems. 
Elicitation of the methods and rules used in the 
completion of property valuation is therefore rather less 
straightforward then might be thought. Despite the clear 
need for objective advice in the field, even expert system 
shell manuals, expert systems courses and books about how 
to build expert systems have very little to offer about 
knowledge elicitation (Olson and Reuter 1987), 
particularly in a practical sense.
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5.3. LEARNING BT EXAMPLE
Quinlan (1979), Michie (1983) and Cheeseman (1985), 
amongst others, have tried to by-pass the problem by 
relying on experts to describe only what they do, not how 
they do it. That is, instead of eliciting rules directly, 
they infer them from the expert's performance on example 
problems. Expert system shells which can induce rules and 
relationships from example cases are available, notably 
using the ID3 (Quinlan 1979), and ACLS (Paterson, Niblett 
and Shapiro 1982) algorithms.
In the context of mortgage valuation, the process of rule 
induction would require the supply of a training set of 
different mortgage valuations, much in the way M.R.A. 
cases are assembled for analysis. The difference with 
induction is that examples of different, rather than 
broadly similar properties, as in M.R.A., are required in 
order to elicit general rules of thumb for valuation 
across a range of properties. The valuer would also 
provide the relevant factors and attributes which he 
considers are influential in the assessment of these 
properties, for example, location, house size, house type, 
state of repair, proximity to various facilities and 
undesirable features.
The system then uses this training set to induce general 
principles of valuation, formulating the decision process, 
rather than a statistical relationship as in M.R.A., but 
like M.R.A. enabling the prediction of valuations for 
cases not contained in the example set. The reasoning
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behind this approach is that since valuers obtain a large 
amount of their knowledge about the comparative method 
from past cases, and make their decisions in new cases 
based upon that knowledge, the breaking down of past cases 
using induction should provide a largely similar 
methodology with which to value new properties. A major 
advantage of induction is that it is almost always easier 
to provide examples of decision solutions rather than to 
describe the decision-making process itself. 
A key point noted in 5.2. above is that asking an expert 
to describe what he does very often changes his perception 
of his expert function. Induction from a training set 
avoids this problem. All the valuer has to do is provide 
example cases, not interpret his motives in producing a 
valuation in those cases.
When the dearth of valuation research and methodology is 
considered, this ability to infer general principles from 
past cases is of major interest to the valuation expert 
system builder. Rule induction does however have its own 
intrinsic problems:
a. by what criteria does the valuer choose sufficient and 
suitable cases for inclusion in the training set? 
Bloomfield (1986) argues that if the expert in 
question cannot explain his expertise, it cannot be 
assumed that he can provide a suitable training set; 
b. equally problematic is the fact that the process is 
unsuitable for areas of uncertain or incomplete data 
(Hart 1985), noisy data, i.e. data containing
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misleading or spurious attribute values (Myers et al 
1985), domains which exhibit random influences 
(Bloomfield 1986), or probablistic-based domains 
(Myers et al 1985).
c. the valuer may choose to relate a particularly complex 
case which he finds interesting, instead of a number 
of simpler, if mundane, examples which would have 
served to establish the knowledge used adequately 
enough, and much more quickly;
d. the system may induce rules which are irrelevant, or 
meaningless. The system cannot by itself decide what 
attributes it is sensible to use. For example: within 
the mortgage valuation system, if the mortgage case 
number was erroneously included in the attributes fed 
to the system, the decision rule generated under 
induction will almost certainly use it. The case 
number, whilst exhibiting great discriminative power, 
has however, no predictive power with which to value 
properties in new cases;
e. rules output from induction systems tend to be 
unstructured and extremely difficult to understand 
(Berry 1987). This opacity of reasoning methodology 
can be considered regressive when the intelligibility 
of operation is proposed as an advantage of the 
knowledge-based approach;
f. these systems do not dispense with the need for 
extensive intervention by humans in building the 
decision rules. If the cases are compiled by recording
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real cases then this may be as time-consuming as any 
other method of acquiring valuation knowledge. 
Conversely, if they are produced by valuers generating 
examples from their own experience, then the examples 
may be as unreliable as knowledge obtained by the 
other methods for the reasons outlined above; 
g. it has also been claimed that experience in applying 
these inductive programs is vital for any real 
progress to be made (Bratko, Michie 1987); 
h. finally it can be argued that in an important sense 
induction does not elicit human expertise at all 
(Welbank 1983). The representation produced lacks 
epistemological status (Bloomfield 1986).
Rule induction may therefore offer superficial attractions 
for eliciting comparative valuation knowledge merely 
because of the method's imprecise nature. The problems 
present are at least as great as those found in the active 
knowledge techniques discussed in 5.4. below. It is not a 
"magical technique" for expediting the process (Kidd 1987). 
The limitations of the method generally, and the induction 
shells available particularly, mean that the advantages 
are not then clearly in its favour when compared with 
other methods of acquiring knowledge about the valuation 
process. It may well be the case however that for some 
areas within that process, induction may be the only 
method with which to extract the required expertise.
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5.4. "ACTIVE" KNOWLEDGE ELICITATION METHODS 
"Active" methods of knowledge elicitation may take a 
number of forms. Those most often used are listed in 
Figure 6 below:
FIGURE 6 
"ACTIVE" KNOWLEDGE ELICITATION METHODS









































All these direct techniques suffer from the fact that 
experts cannot always say what they know, or how they 
solve a particular problem (Olson, Reuter 1987). They are
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used widely to extract knowledge nevertheless.
6.4.1. Observation
Often named protocol analysis the observational method was
first developed by Newell and Simon (1972). In the context
of the mortgage valuation research, the method relies on
the system-builder watching the valuer carry out mortgage
valuations, taking care not to say or do anything that
might influence his usual approach. Whilst carrying out
at his valuation, the valuer provides a commentary which
is recorded.
This method is highly time-consuming involving travelling
to the subject properties with the valuer and observing
his "office" work. The observer meticulously records as
much as possible about the valuer's working patterns. This
"thinking aloud" method can provide information about:
a. the organisation of the valuer's knowledge;
b. the actual knowledge he utilises;
c. the control structures he uses to apply that knowledge
selectively.
During the observational periods it is imperative that the 
investigator refrains from interrupting the valuer with 
questions or comments. Instead he analyses the 
transcripts of the sessions at a later date to identify 
key concepts and relationships.
The method, in common with other methods, has its 
pitfalls:
a. thinking aloud may alter the valuer's technique, as 
might having an observer watching his every move. The
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required expertise may thus become a moving target as 
the valuer examines and re-examines his procedures 
(Welbank 1975). This problem is well documented in 
the field of decision analysis (Johnson, Huber 1977);
b. the valuer may not be able to identify conciously the 
definitive aspects of his expertise;
c. the valuer's description of his valuation function is 
open to misinterpretation by the system builder who 
analyses the transcripts and constructs the expert 
systems;
d. because of the nature of the operation, it is very 
easy to produce an incomplete representation of the 
knowledge used (Welbank 1983). The valuer will often 
use the "compiled knowledge" referred to previously 
(see 5.2.) without thinking through that compilation. 
He will assume background information such as the 
present lending policy of the Building Society, and 
the state of the housing market at a given time, 
often without realising it. The resultant gaps in the 
knowledge acquired are very difficult to fill, even if 
the system-builder interviews the valuer after the 
session, transcript in hand;
e. if the valuer is forced to be more explicit about a 
particular point or gap in the knowledge, he may 
construct a plausible line of reasoning (Ericsson, 
Simon 1980) to explain his actions which may not 
reflect the actual valuation techniques used.
The observational method alone is therefore not suitable
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for extracting a complete model of valuation expertise. 
It can however provide valuable information about areas of 
a valuer's expertise, and is suitable for use in order to 
gain an initial broad perspective of the knowledge 
involved in the completion of a valuation. It may also 
highlight procedures not revealed by interviewing 
(Gammack, Young 1985).
5.4.2. Introspection
Introspection relies on the valuer to act as the builder 
of theories about his own behaviour during the valuation 
task. He must identify the basis of his knowledge or 
skill, what information is necessary to carry out a 
valuation, and how it is utilised within the valuation 
process. He must then incorporate that "self portrait" 
directly into the computer representation. Valuers 
however, have different types of information, for example, 
a. the valuer's past cases and personal experience of 
past problem-solving. These will take the form of the 
comparable properties used by the valuer;
b. the expert's preferred method of working. A 
particular building society valuer may only see 
himself as confirming an agreed sale figure of which 
he is already aware. A different valuer may carry out 
his own valuation and then consult the agreed figure 
to check the comparability or otherwise of the two 
figures;
c. the valuer's personal knowledge about his reasons for 
choosing the methods used, his knowledge about special
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cases, or groups of cases. The valuer may know,
consciously or otherwise, that properties on one side
of a street are for some reason inherently more
valuable than those on the other. Similarly, hazy
divisions can be drawn at the junction of different
districts within an urban area. The valuer is not
however necessarily aware of what factors actually
sway his valuation judgement in a particular case.
It is clear therefore that it will be very difficult for a
valuer to conceptualise these different types of
knowledge. He will often experience 'difficulty in
describing his expertise in a systematic manner, and even
more in attempting to structure it rationally. The
knowledge is so well compiled through experience and
practice that he accesses and manipulates it without
thinking. As with the observational method the valuer may
construct plausible lines of reasoning that do not truly
reflect his valuation technique. For these reasons the
validity of introspection has become a topic of
controversy (Kellog 1982, Nisbett, Wilson 1977, Ericsson,
Simon 1980).
On the basis of the above arguments, and the fact that a 
valuer with sufficient expert systems knowledge was 
unobtainable for the project, introspection was largely 




Interviewing has emerged as the most efficient and valid 
technique for obtaining information (Rupe 1956, Hyman 
1975).
Large amounts of knowledge can be gathered from a short 
interview, and the refinement of the data obtained 
provides the structure for the next interview. Data 
collection thus becomes model driven (Firlej 1985). 
It has been argued however that interviews carried out for 
knowledge acquisition in knowledge-based systems have been 
"loose", unsystematic and poorly documented (Breuker, 
Weilinga 1983), although there are signs that this is 
changing (Myers et al 1985).
Interviewing can best be described as a mixture of 
observation, introspection and interrogation. It can be a 
pure interrogation, the interrogator asking the valuer 
what he does in the performance of his valuation function, 
and interjecting to prompt his introspective process at 
suitable junctions.
On the other hand the valuer may be asked to solve 
realistic valuation problems with commentary, as in the 
observational method, whilst the interrogator asks 
questions about the process he is carrying out. There are 
again problems with these methods:
a. the information the interrogator builds into the 
system may not be a good representation of what the 
valuer does, it may be more correctly a model of what 
the valuer thinks he does;
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b. the method used may be altered by the interrogator's
intervention;
c. the model may become a representation of the 
interrogator's preconceived ideas about the valuer's 
function;
d. the expert may, unconsciously or otherwise, begin to 
structure his answers to match what he believes the 
interrogator is trying to achieve;
e. care must also be taken not to "lead" the valuer, 
particularly with questions that may produce an 
"acceptable", rather than a truthful but socially 
undesirable answer. As an extreme example, a mortgage 
valuer might in reality "inspect" his assigned 
properties from his car. He can however only justify 
his position as an expert by saying he carefully 
inspects and considers each property based on his 
knowledge and past experience. The truth may be 
unattractive in some cases, but must be revealed if 
the expert system is truly to represent the expertise 
used.
The interviews are recorded and the transcripts 
analysed to produce the requisite information. As 
with the other methods the process becomes model- 
driven once elicitation begins. The problems 
encountered in interviewing are a compilation of 
the problems encountered in the other methods. 
However it does have advantages in that it allows 
both introspection by the valuer and intervention
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by the system builder. For this reason 
interviewing has become the most frequently 
used method of knowledge elicitation for 
expert system building.
5.4.4. Model Criticism
The fourth widely used method is for the system builder,
after an initial period of study, guided reading, and past
cases for example, to construct a model of what he
considers mortgage valuation expertise to comprise. He
then takes that model to the professional valuer for his
critical judgements, observations and ideas.
The rationale behind this method is that people generally
find it easier to criticise the conclusions of other's
than their own reasoning (Welbank 1983).
The prototype also plays a "propaganda" role in persuading
the expert that the approach is practicable (Breuker,
Wielinga 1983).
Conversely, it has been argued that:
"To encourage the knowledge engineer to apply his 
incomplete knowledge prematurely runs against 
all accepted, empirically founded wisdom in 
instruction." (Breuker, Wielinga 1983).
However the approach is widely used, and researchers who
have delayed the construction of a prototype to understand
the domain more fully have regretted it (Smith, Baker
1983).
Problems common to the other methods arise regarding the
actual knowledge representation within the system. The
knowledge may be the system-builder's misinterpretation of
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the valuer's knowledge or the valuer's knowledge adapted 
to slot into the preconceived model, particularly if the 
assigned expert is not enthusiastic.
5.4.5. Repertory Grid Techniques
More recently work has been carried out using repertory 
grid techniques developed from Kelley's personal construct 
theory (Kelley 1955). The technique is successfully used 
for eliciting product attributes in consumer research 
(Jain et al 1979). The technique requires the subject to 
compare the objects in the set of choice alternatives in 
groups of two or three. When groups of two are used, the 
subject is asked to name an attribute that distinguishes 
the two from one another. When groups of three are used, 
the subject is asked to name an attribute that two of them 
have in common, that distinguishes them from the third. 
For example, consider three semi-detached houses, two with 
central heating, and one of those additionally having a 












When 1. and 2. are compared they can be distinguished by
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2.'s lack of central heating. When 1. and 3. are 
compared they can be distinguished by 3.' s lack of a 
garage. When 2. and 3. are compared they can be 
distinguished by 2.'s lack of central heating. Comparing 
all these properties 1. and 3. have central heating in 
common. Number 2. does not, and is hence distinguished 
from 1. and 3.
Gaines and Shaw (1981) developed this methodology further 
and described how a repertory grid based on such data 
could be used to develop a logical representation of a 
subject's knowledge about the objects involved. In turn, 
Boose (1984) developed Gaines and Shaw's work to construct 
the Expertise Transfer System (E.T.S.) which generates 
production rules using the logical relationships inferred 
in the sets of contrasted objects.
The technique is best suited to domains involving analysis 
rather than synthesis and is strongly hierarchical in its 
nature. Michalski (1984) has claimed that the process 
exhibits flawed logic, arguing that to contrast two 
objects with a third can fail to discover an important 
feature that distinguishes the pair (in the example above, 
1. and 2. can also be distinguished by 2.' s lack of a 
garage as well as its lack of central heating). 
Conversely if two objects are contrasted with one another, 
important common features may be overlooked. 
Michalski's argument may be met by expanding the number of 
comparisons (Tversky 1977). However this exponential 
growth in comparisons, pairs and triples makes the process
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laborious and even impractical (Butler, Corter 1986).
As with induction, the method provides no guarantee that a
sufficient set of rules will be generated, nor that the
features listed are actually important in the reasoning
process.
Additionally the techniques involved are hard to apply,
and the inference rules produced are often, like induction
generated rules, opaque. For these reasons the technique
has not been used in the mortgage valuation project.
5.5. A COMPOSITE METHODOLOGY
There is clearly scope for error in the process of 
knowledge elicitation, and of the active methods above no 
one holds a clear precedence over the others for acquiring 
knowledge from valuers. Any of the methods may be used 
singly but all have disadvantages to a greater or lesser 
degree. It has been more usual in other applications for 
the system builder to combine the approaches. For 
example, the valuer will be introspective whilst solving a 
problem posed by the system-builder, at the same time 
relating the methods he uses to solve the valuation 
problem. The system-builder intervenes whenever it seems 
appropriate, asking relevant questions to stimulate and 
probe the expert, suggesting possible rationales and 
hypothesising concepts and rules. With the system-builder 
taking on this active rather than passive role the 
valuer's knowledge may relatively quickly be broken down 
into a computer-acceptable format. 
The common sense value of combining the individually
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unsatisfactory approaches cannot be overlooked, and for
this reason the following format for eliciting knowledge
from valuation surveyors was adopted and developed:
a. the valuer was introduced to expert systems during an
initial meeting, and asked to describe in general
terms what his work involves, what areas he considers
important in his valuations and what aspects must be
considered in certain situations. The analysis of the
transcripts of this meeting identified key concepts
and relationships in the valuer's area of
specialisation and working methods;
b. the ideas established in this first meeting were 
initially explored using a combination of observation 
of the valuer carrying out valuations, and his 
introspective thoughts about those cases, combined 
with some probing by the system builder;
c. these preliminary ideas were then evaluated and an 
approach to the problem formulated. A suggested 
representation of the valuer's work format was then 
put to him (the valuer) and agreed as a suitable basis 
on which to proceed;
c. this, fairly crude, representation was then 
implemented within the SAVOIR expert system shell to 
enable evaluation of its performance and to isolate 
areas which were deficient;
e. these deficiencies were then researched further by 
more interaction with the valuer, using both the 
introspective, and observational techniques noted
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above, combined with more specific questioning, the 
use of example cases, tests involving concealed 
information, "laddering" (Kelly 1955), and ranking;
f. the revised model was then input to the system and 
further criticised by both the valuer and researcher;
g. an interactive process of refinement was then carried 
out over a period of two months to produce a model 
which could be tested against the valuer over a series 
of trial cases.


















It should be clear from the above that these stages are
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not discrete, but an interactive process requiring synergy 
of the expert valuer and researcher. Most of the stages 
were in fact carried out concurrently. This process of 
building by accretion has been described as:
"...inescapable in expert system's construction."
(Firlej 1985).
The results of the knowledge elicitation process, for both 
the initial model and subsequent developments may be found 
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Having concluded a methodology for eliciting valuation 
knowledge from the valuers contributing to the project it 
is necessary to discuss the available methods of 
representing that information within an expert systems 
environment, evaluate the most suitable and hence create a 
demonstration system suitable for further discussion.
"Many different methods of representing knowledge 
are used by ordinary people, by scientists, by 
engineers; including maps, models, diagrams, flow 
charts and language" (Sloman 1985).
Equally, there are many ways known of systematically 
representing knowledge in a sufficiently precise notation 
that it can be used in, or by, a computer program (Hayes 
1974). It can be argued however that no single currently- 
existing representation affords the requisite generality 
and versatility necessitated by the diversity of real 
world knowledge (O'Hare, Bell 1985).
It was noted in 5.2. and 5.3. previously that knowledge 
elicitation is a major bottleneck in expert systems' 
construction. At least as fundamental a problem is that of 
how to represent that knowledge within the finished 
system. Since the ways in which humans manipulate, and 
utilise their knowledge are not fully understood, nor even 
what knowledge they actually implement, it is clear that 
the simulation of the process will be inexact. Assuming
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Assuming the requisite knowledge can be extracted, it has 
still to be suitably formalised in order to be 
represented in the structure of the expert system 
programming language or shell. As has been pointed out in 
2.1. above most expert systems aim to reproduce expertise 
within narrowly defined areas, for example: 
a. to advise on a particular area of law, the Data
Protection Act, or Statutory Sick Pay regulations; 
b. controlling the air conditioning system in large
buildings;
c. advising what and when to sell in currency markets; 
d. diagnosing treatment for infections of the blood; 
e. identifying compounds from spectrograms. 
It can be argued that all of the above are largely "closed 
worlds" for the purposes of reasoning. They are 
restricted domains containing clearly defined expertise, 
for example, legal rules, restricted groups of related 
illnesses. They use little in the way of background 
knowledge, nor do they use what is often termed common 
sense knowledge. There are two reasons for this: 
a. they do not need these types of knowledge, because
they deal with fairly well-documented areas of
specialisation; 
b. it is at present almost impossible to include these
types of knowledge in an expert system due to their
complexity, lack of definition, and sheer size. 
This restriction of knowledge is clearly useful when 
attempting to reach a meaningful conclusion in a problem
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area. It may however lead to spurious conclusions simply
because the knowledge base is insufficiently detailed.
For example, in the case of a restricted domain system,
the system may offer poor advice simply because its
knowledge is insufficiently complete to take account of
wider issues. The following scene illustrates this
point.
An expert system is asked to provide advice based upon the
following questions:
a. Do you want to pay less tax?
b. Do you want a better provision of state housing for
poor people?
The user is almost certain to respond positively to both 
points, yet the system would not recognise the 
contradiction inherent in the two positive solutions, 
namely that personal taxation finances the state provision 
of housing, unless programmed with that wider world 
knowledge.
The problem is a question of information scale. For an 
expert system to function adequately it must have a 
detailed knowledge of its field of specialisation. The 
"grain size" (Feigenbaum 1979) of this knowledge will 
dictate the performance of the system. If it is too large 
the system will reason crudely, drawing very broad 
conclusions from the information it is given during the 
consultation with the user. The result will be an expert 
system which operates at the level of a superficially 
informed novice, rather than the required expert.
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Conversely if the "grain size" is too small, the vast 
complexity of the model will require too large a memory, 
and will use too great an amount of computing power for it 
to operate without causing a combinatorial explosion and 
the subsequent failure of the system.
It should be clear from the above that an expert system 
will be most successfully built if the area of 
specialisation is carefully delineated and fairly well 
defined. However there is at present little, if any, 
guidance regarding the circumstances under which each of 
the available representations should be used (Reichgelt, 
Van Harmelin 1986).
6.2. COMMON REPRESENTATIONAL TECHNIQUES
There are currently three separate types of representation





This structure was first proposed by Newell and Simon 
(1972) and is the most common strategy used in 
Artificial Intelligence Systems (O'Hare, Bell 1985). 
The general structure consists of antecedent- 
consequent clauses, each clause embodying a single 
"chunk" of knowledge. This is the most straightforward 
of reasoning mechanisms and operates thus: 
Given fact A and fact B, deduce fact C.
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Usually the method operates using IF-THEN rules, often 
with an alternative if a statement is not true 
(usually ELSE) .
For example, IF the property is in good repair THEN 
do not recommend a retention be made.
In its simplest form the reasoning is deterministic, 
or two-valued. Events are either true or false. This 
makes deterministic reasoning suitable for expertise 
which is clearly defined such as aspects of landlord 
and tenant legislation. For example, the rules on 
improvements and rental increases under the 1954 
Landlord and Tenant Act can be represented as in 
Figure 9.
The production rule can be considered as a modular 
segment of code which is heavily stylised or 
formalised. This formalism makes the production rule 
easy to examine, either manually or automatically, for 
consistency. This rigid formalism can also elegantly 
accommodate certain categories of real-world knowledge 
(O'Hare, Bell 1985).
Additionally the modularity of the technique 
facilitates the addition or deletion of new rules, and 
the small size of the fragments of knowledge contained 
in each rule means that knowledge is not duplicated at 
different points in the representation (Davis et al 
1977). Finally the "near-English" constructs used make 
the knowledge-base easy to read, and aid in the 
production of explanation routines (see 2.6.1.).
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FIGURE 9
LANDLORD AND TENANT ACT 1954
"Proper" improvements -No- Full rental value
Yes
Improvements carried out 
during current tenancy




Improvements 21 yrs 
old or less





Figure 9 adapts readily to a fairly simple if lengthy
production rule as follows:
IF improvements = proper AND improvements within current
tenancy OR improvements < 21 yrs old THEN rent is full
rental value ignoring improvement ELSE rent is full rental
value.
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The production rule also has disadvantages. it has 
been claimed that the method proves unnatural for 
encoding knowledge within certain domains.
"Program designers have found that 
production (rule) systems easily model 
problems in some domains but are awkward 
for others." (Davis, King 1976).
The rules used may also become excessively long 
because all the necessary contextual information must 
be explicitly stated in the premise of the rule. 
Further the lack of "partitioning" in the knowledge is 
inefficient and necessitates the "inference engine" 
considering the entire knowledge base at each 
intermediate stage of the deductive process. 
Finally, the backward chaining reasoning methodology 
the technique produces may be unsuitable for some 
domains of knowledge (Davis et al 1977). The 
technique is however the most popular method of 
representation used in expert systems, although 
popularity is not always indicative of merit (O'Hare, 
Bell 1985) .
6.2.2. Structured Objects 
a. SEMANTIC NETWORKS
Semantic networks were first proposed by Quillian 
(1968), as models of human associative memory. The 
network attempts to combine, in a 
single mechanism, the ability not only to store 
factual knowledge, but also to model the 
associative connections exhibited by humans,
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which make certain items of information
accessible from certain others (Wood 1975).
They consist of nodes connected by arcs where
each node represents an object, event, or
situation, and each arc some relationship
between nodes.
For example, consider the two statements:
a. All houses are buildings.
b. Number 10 Downing Street is a house.
Since the properties of the arcs linking the
nodes are known, it is possible to infer a
third statement that 10 Downing Street is a
building even though this was not expressly
stated.









This method of representation enables items 
lower in the network structure to "acquire" or 
"inherit" items from above. This enables the 
nodes to be stored separately yet combined in 
use. This saves memory space, as information 
is only stored once, rather than at each 











Such a network could be used to deduce the fact 
that 10 Downing Street has roof joists. 
Semantic networks are particularly useful where 
much of the reasoning is hierarchical or based
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upon complex classifications. They can further 
be broken down into logical and plausible 
relationships. Logical relationships can be 











that is to say; if the surface is pitted with 
small holes, which holes are not man-made, and 
the outer layer of wood is damaged then 
woodworm is present. This corresponds to the 
true-false value in production rules systems. 
Plausible relationships take this a stage 
further, allowing for the importance of each 
element to the whole solution to be taken into 
consideration. They do this by considering the 
necessity of an element's presence to the whole 
solution, and the amount by which it is 
required to be present in order to confirm that 
solution.
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Thus, if the fact that the holes are not man- 
made is a more sufficient indicator of woodworm 
than the fact that the outer layer of wood is 
damaged/ it would have a "sufficiency value" 
greater than that for damaged outer wood. 
Conversely, "the necessity value", the amount by 
which an element's presence is necessary to the 
proof of the whole, is weighted such that the 
smaller the necessity value the higher its 
necessity to the whole solution (that is to say, if 
only a minute quantity of element X is present, but 
is extremely significant to the whole even in that 
extremely small amount, then its "necessity 
value" will be small, reflecting its importance). 
One major advantage of semantic networks is the 
ability to represent knowledge easily in a 
diagrammatic form. The network, like production 
rules, also exhibits small "grain size" of 
information with the consequential economy of 
representation. Finally the method is slightly more 
flexible than the production rule techniques. 
In common with production rules the semantic 
network has intrinsic drawbacks. Because the 
network is a passive and complex structure, the 
inference engine required to manipulate the 
reasoning is more intricate than that needed for 
the simpler production rules. 
The knowledge contained in the network also
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lacks partitioning. Although some work has 
developed higher-level structures based on 
semantic networks known as "depictions" (Hayes 
1977), the resultant structures are more 
similar to frame-based representations than 
true semantic networks (See b. below).
b. Frames and Scripts
Frames evolved during the early 1970's from the 
field of artificial intelligence research. Minsky 
(1975)> the originator of the concept described 
it as follows:
"A frame is a data structure for 
representing a stereotyped situation, 
like being in a certain type of living 
room or going to a child's birthday 
party. Attached to each frame are 
several types of information. Some of 
this information is about how to use the 
frame. Some is about what one can 
expect to happen next. Some is about 
what to do if these expectations are not 
continued."
Frames provide an elaborate structure for 
creating and maintaining a description. A 
primitive element of this description may be 
expanded to a frame in its own right when its 
internal description becomes of interest 
(Kuipers 1975).
Unlike production rules and semantic networks, 
the frame concept partitions the knowledge into 
individual structures, each of which effectively 
represents a small domain of expertise, and 
contains sufficient knowledge to create a
129
description of an object in that domain. 
This method of organising knowledge into 
"chunks" and linking them into a relational 
network mimics quite accurately the way in 
which it is believed humans store knowledge. 
The frame in effect holds a preconceived image 
of the object it is to represent. Features yet 
to be observed are represented by default values. 
For example, consider a frame containing knowledge 
about a country house someone has bought and is 
describing.
At the mention of the phrase "country house" 
most people develop some kind of mental image 
of a country house; that image being their own 
preconceived image of a country house. As more 
information is received the frame fills out 
with that information and may be altered. The 
preconceived image may be a Tudor building: if 
information to the contrary, for example, 
Georgian, is received then the image alters to 
accommodate this new value. A similar procedure is 
carried-out with other attributes of the building 
such as size, layout, location, and condition. 
This frame would be the "top level" or general 
frame dealing with country houses. At lower levels 
would be other frames, linked to the top level 
frame, dealing with aspects of country houses 
such as outbuildings, stables, contents of the
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house. Each of these frames could also have 
sub-levels of frames dealing with aspects of their 
own particular attributes. Frames therefore have a 
very clear hierarchical nature going from the 
general to the particular, each level of frame 
being assigned default values for its attributes 
based upon human preconceptions, until information 
contrary to those preconceptions comes to light. 
In addition, these "slots" in the frame can 
have procedures attached to them which are 
executed if certain conditions are satisfied. 
For example, to use the country house frame, if 
the slot containing the address is filled with 
the information "Blenheim Palace" then the 
whole nature of the house is changed, as the 
country house frame is discarded for a more 
palatial one. The slots may also have links to 
other frames in the hierarchy and procedures to 
be carried out if they are filled with certain 
types of information. An example of a group of 






























The hierarchy then is defined clearly and changes 
in top level frames will affect the default values 
lower down the tree of frames as the focus changes 
from the general to the particular.
A frame structure is best used where problems 
are to be considered which utilise expectations 
about the form and content of the data. In 
common with production rules and semantic 
networks, frames have their own intrinsic
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deficiencies. The partitioning of the knowledge 
leads to increased "grain size" and the consequent 
duplication of some information in the system. 
Furthermore, if a frame is to be deleted the 
frames related to it must also be altered, which 
may lead to inconsistencies.
At approximately the same time, Schank (1975) 
produced a formalism called a "script". This 
representation is very similar to a frame, except 
that it has the additional attribute of a time 
phase, i.e. the script may relate one's 
expectations on attending an interview to arrange 
development finance. The technique is thus based on 
expectations of what may happen rather than the 
relationships between objects.
Of the two techniques, only frames have begun 
to be widely adopted, and a number of frame- 
based shells have recently become available 
(LEONARDO, EGERIA), although too late for the 
current research.
6.2.3. SUMMARY OF THE THREE FORMALISMS
The advantages and disadvantages of the three 
formalisms can be summed up as shown in Figure 14.
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FIGURE 14





































Logic is the final commonly-used method of knowledge 
representation. There are currently two major logic- 
based languages used in artificial intelligence work 
and hence knowledge-based systems. They are PROLOG
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(PROgramming in LOgic) and LISP (List Processing). 
These high-level languages offer an immense variety of 
facilities for the representation of knowledge and are 
often used as development tools for building shells, 
based on any of the above representational techniques. 
Whilst very flexible and powerful, the lack of any 
guidance with which to build representational 
structures means that for practical purposes these 
languages are most useful in the hands of professional 
programmers. Even within the field of logic itself 
there is argument about which forms of logic are most 
appropriate for expert system development:
"There is only one language for 
representing information whether declarative 
or procedural . .. and that is f irst-order 
predicate logic". (Kowalski 1980).
"Several authors have recently suggested 
that more exotic logics, especially "fuzzy 
logic" are necessary in order to capture the 
essentially imprecise nature of human 
deduction. Whilst agreeing we have to look 
beyond first-order logic, I find the usual 
arguments advanced for the use of fuzzy 
logic most unconvincing". (Hayes 1974).
6.3. CONCLUSION
Reviewing the above, the choice in representational 
method for the valuation demonstrator can only be between 
production rules and an inference network. Whilst 
accepting that the frame structure might provide an 
interesting vehicle for the research, no suitable software 
was available at the time of purchase. SAVOIR/ the chosen 
shell, operates an inference network of an advanced 
nature. It has however the capability, in common with
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other programs, to operate as a production rule system.
The demonstrator system depends heavily upon production
rules in the first instance for two reasons:
a. ease of comprehension, or the "readability" of the
knowledge base. This is important during the
development of the system. The valuer must be able to
grasp relationships between rules and pieces of
information if he is to be able to make a contribution
to the model by criticising its deficiencies;
b. where statistical data is not available to assist in
specifying the logical necessity, sufficiency and
prior values needed to produce supportable semantic
networks, practising professionals find great
difficulty in supplying them (Stockley 1987).
By using the production rule representation the
demonstrator could be built relatively quickly and an
assessment of the need for a more complex representation
made during development. At the same time, an evaluation
of the process could be made with reference to both the
domain theory being evolved with the valuer and the
methods of representing uncertainty possible within a
knowledge-based system. This dual evaluation enabled the
second demonstrator to benefit from the critical
evaluation of the first, and hence more accurately model
the valuation methodology produced.
Before considering the two systems built, it is however 
necessary to discuss the nature and use of uncertainty in 
the mortgage valuation domain.
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CHAPTER 7 
THE NATURE AND USE OP UNCERTAINTY
7.1. GENERAL
Much of the decision-making in the real world takes place
in an environment within which the objectives, constraints
and the consequences of possible actions are not known
precisely (Bellman, Zadeh 1970).
The very tenuousness and imprecision of human reasoning is
the key to the ability it gives people to deal with the
ambiguity and uncertainty around them (Collins, et al
1975).
To deal explicitly and quantitatively with imprecision it
is usual to employ the concepts and techniques of
probability theory. This is particularly true in the
property valuation world where "Monte Carlo", and other
probabilistic simulations are used to assess, amongst
other things, possible development scenarios.
It can be argued that in using these techniques the
property valuer is, tacitly or otherwise, accepting the
premise that imprecision, whatever its nature, equates to
the randomness of an unbiased coin, or "fair" roulette
wheel.
This, it has been argued, is a questionable assumption
(Bellman and Zadeh 1970), particularly when it is
considered that there are many different types of
uncertainty present in both the property world, and the
wider environment.
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Clearly to build an expert system capable of solving real- 
life valuation problems the existence, identification and 
use of uncertainty must be accepted. The expert system 
should be able to handle both uncertainty that users have 
about their inputs, and that which experts have about 
their field (Bradshaw 1987). Having identified the 
type(s) of uncertainty present in the domain in question, 
it is further necessary to conclude a suitable form of 
representation within the property valuation expert 
system, in order that it may operate satisfactorily, thus 
acceptably reproducing the function of the human valuer.
7.2. TYPES OF UNCERTAINTY
Fox (1986) has argued that there are as many different
types of uncertainty as there are reasons for being
uncertain, i.e. an indefinite amount.
It is perhaps more useful to reduce this indefinite class





d. categorical uncertainty (Tong 1982).
7.2.1. Imperfect Knowledge
This could also be described as incomplete knowledge on 
the part of the expert system user. He is unable to 
respond to the system's interrogation with any certainty, 
his knowledge is inadequate or indistinct.
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For example, in a residual valuation expert system the 
user may not be able to suggest the space requirement of 
his occupier/client with any certainty. The system will 
consequently be unable to offer a site valuation to the 
user unless an estimate of the space required can be made. 
Two solutions are possible: 
a. to accept a value from the user qualified by a degree
of uncertainty, and to produce an answer similarly
qualified. 
b. to be able to deduce the required value by a variety
of different reasoning methods.
In the first instance the system-user qualifies his 
response to the system's interrogation by using a 
"confidence value". For example, the user might respond:
"it is 75% certain that the completed development 
will be 15,000 square metres (M2 ) of office 
space".
The method can be criticised for compounding the error 
inherent in the user's response. Not only is the figure
o
of 15,000 M subject to a potential error caused by the 
valuer's imperfect knowledge of his client's requirements; 
but the estimate of 75% certainty can also be considered a 
"spot figure", probably even less reliable than the 
estimated development size.
Any attempt to combine these two uncertainties would 
result in a solution containing increased uncertainty and 
of consequently less utility to the expert system user. 
Furthermore, subjective judgements of uncertainty elicited 
from experts have been observed to be inherently unsound
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(Kidd, Cooper 1983, Spetzler, Stael von Holstein, 1985, 
Leaper et al 1972).
The second approach enables the system to use 
different sources of information to assess the criteria 
necessary for it to produce a solution. in effect the 
system will "extend the conversation" with the user, to 
elicit what information the user does know, and use this 
to develop its reasoning (Lindlay 1971). The approach has 
a more "common-sense" appeal and a more logical base than 
the assignment of confidence values, and is consequently 
considered more useful. Assuming the user can answer at 
least some of the alternative questions posed by the 
expert system, an opinion can be inferred from the 
information gained.
For example, in the absence of a specific space 
requirement for the client/occupier the system could 
request other information which might be directly related 
to the space requirement, such as a number of employees, 
any special plant or machinery required and so forth. This 
information when coupled with knowledge about space per 
person requirements, future expansion plans, and planning 
restrictions would, enable the system to produce a 
valuation solution based upon the valuer's incomplete 
knowledge.
This method takes the uncertainty out of the hands of the 
system user, asking him only to provide information where 
possible. If the information requested is unknown the 
user says so, leaving the system to obtain the required
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information by an alternative route. Any assessment of 
the reliability of the resulting advice preferred by the 
system must be incorporated by the expert system builder, 
who may also include "default" values based upon a 
"reasonable" figure to be used in "don't know" cases. The 
uncertainty is thus reduced to a control of reasoning 
problem, which enables a more rigorous approach, and 
ensures the consistency of the system in operation. The 
approach is known as building redundancy into a system. 
If the user knows the space requirement, the alternative 
reasoning paths are redundant as the system will take 
this, the most reliable information and proceed using 
that.
7.2.2. Intrinsic Randomness
This relates to situations wherein facts themselves are 
not known, only probabilities about those facts. The 
probability values are therefore the only known facts in 
the domain. For example,
RULE 1. IF (mortgagor A is unemployed) 
THEN (the probability that A will default is 0.8) 
The premise in this rule refers to A's membership of the 
class of unemployed people, which will be known to be true 
or false at the time the rule is applied. Consequent to 
this fact is the assertion about A's membership of the 
class of defaulters.
However, what is asserted is not that A is a member of 
that class of defaulters, this cannot in principle be 
known unless and until A actually defaults, but only a
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probability that A will become a member.
It can be argued that as a firm conclusion is drawn from a
firm premise (the probability) there is no uncertainty of
system control, and hence this does not truly represent
uncertain reasoning. However the probabilities involved
must at some stage be combined arithmetically in ways
resembling those used for other types of uncertainty,
which will lead to a conclusion based upon a collation of
uncertain premises.
For example, by using the rule below the fictitious
mortgagor A would be unable to obtain mortgage finance:
IF (probability that the mortgagor will 
default is > 0.7)
THEN (do not arrange a mortgage loan)
There are only two possible lines of reasoning to be 
developed from the rule, i.e. A will get a loan, or A will 
not.
Similarly when a number of rules are combined the 
conclusions to be drawn are distinct and discrete. For 
example, if the probabilities of mortgage default for the 
reasons below are as shown in Figure 15:
FIGURE 15 
PROBABILITIES OP MORTGAGE DEFAULT 1
( 1 ) Unemployment 










The probability of default given an unemployed single 
parent can be calculated as follows:
default due to (1) and default due to (2)
(0.8 x 0.4) 0.32 
default due to (1) but default not due to (2)
+(0.8 x 0.6) 0.48 
default not due to (1) but default due to (2)
+ (0.2 x 0.4)_______Q.Q8
0.88
As one would expect, the two contributing factors increase 
the probability of default. The probability of no default 
can be calculated from the unused combination of values: 
i.e. 0.2 x 0.6 = 0.12
The sum of all probabilities should equal unity, which is 
clearly the case here (0.88 + 0.12).
By assuming this appropriate probability model, the 
uncertainty has, in effect, been brought into the domain 
of the expert system itself. It is important that the 
expert system models well the real world system that 
generates the probabilities. In the above example, the 
calculation assumes that the two conditions, unemployed 
and single, are independent. However this is unlikely to 
be the case in many situations.
For example, by adding a third reason to the possibilities 
of mortgage default a false conclusion can be generated as 
shown in Figure 17:
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FIGURE 17 
PROBABILITIES OF MORTGAGE DEFAULT 2
( 1 ) Unemployment
(2) Single Parent












Combining (1) and (3):
default due to (1) and due to (3) (0.8 x 0.05) 0.04 
default due to (1) but not due to (3) +(0.8 x 0.95) 0.76 
default not due to (1) but due to (3) +(0.2 x 0.05) 0.01
0.81
In this case the two factors contributing to the 
conclusion of mortgage default produce a figure higher 
than might be expected using common sense knowledge, 
because unemployment and a private means of income are 
probably not independent. That is a wealthy person may 
choose to be "unemployed" because they need not work.
7.2.3. Inherent Indeterminacy
This type of uncertainty arises when a "many-to-one"
mapping function occurs, that is, where an effect may have
more than one possible cause.
For example, the effect "dampness" might be caused by a
number of different factors such as, a burst pipe,
condensation, a breached damp proof course damp-proof
course (D.P.C.). The reason for the dampness can be
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important to the mortgage valuer who may need to specify a 
retention in certain circumstances. Diagramatically this 








A line of reasoning or "causal chain" relating to the 
above could be:
IF condensation THEN dampness.
Reasoning from symptoms to causes can be a profitable 
exercise and inversion of these "causal chains" is often 
used in expert systems reasoning. This can result in 
either deterministic solutions or in solutions containing 
uncertainty. For example, the presence of "an ingress of 
water" is, in the above example, hard evidence for the 
existence of a "breached D.P.C.". Uncertainty would result 
however if "dampness" was to be used as evidence for the 
existence of a "breached D.P.C.". From the above diagram 
"dampness" could equally be evidence for the existence of 
"condensation" or a "burst pipe".
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An example rule expressing this could be: 
RULE 1 IF (dampness)
THEN (burst pipe)
OR (breached D.P.C.)
There are problems in putting three mutually exclusive 
(assuming this dampness has only a single cause in this 
particular case) facts into a factbase. This can be 
overcome by qualifying the facts by some numerical value. 
RULE 1 IF (dampness)
THEN (burst pipe) 0.1
OR (condensation) 0.6
OR (breached DPC) 0.3
The facts in this case are intrinsically knowable, and it 
is expected that they will become known after some further 
reasoning has taken place. The numbers can be seen as 
temporary measures of confidence in the truth of the 
facts. They add up to unity because it is certain that one 
or other of them is true.
These measures of confidence may be based on probability 
studies or on pure intuition. In the example above, 
dampness may be most usually associated with condensation 
so the chances that it is indeed the cause may be high. In 
either case, this representation demands some arithmetic 
capability on the part of the expert system if the numbers 
are to be used to any purpose. The mathematics used must 
again be appropriate to the real-world systems they are 
modelling. Another view of the meaning of the numbers is 
possible. This is that they indicate to the system the
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most fruitful lines of investigation to follow in order to 
establish the cause with certainty. In this example it 
might be better to try to prove or disprove the burst 
pipe first, since this should be relatively simple to do. 
In this case the rule might appear as follows: 
RULE 1 IF (dampness)
THEN (burst pipe) 0.6
OR (condensation) 0.3
OR (breached DPC) 0.1
Here the system is designed to investigate the various 
conclusions by backward chaining, and would start with the 
condition with the highest attached value. This number 
does not reflect the fact that a burst pipe is the most 
likely cause of damp, merely that this cause is the most 
easily proved or disproved. The numbers in this case have 
little epistemological significance, their function is one 
of control.
Additional to this uncertainty of control is the presence 
of "residual" uncertainty wherein, the conclusion produced 
is not guaranteed correct, but the system, by weighing the 
other available evidence, such as "ingress of water", is 
able to make an informed decision. This process is often 
called "abduction" or "plausible reasoning". 
Abduction has been described as:
"...the process of creating a new 
hypothesis (new knowledge) when presented with 
puzzling phenomena". (Addis 1987).
For example, a valuer, when presented with evidence of an 
unusually high yield on a tenanted property sale he is
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analysing, would then "invert" his own causal chain of 
reasoning to try to discover the cause of that higher 
yield from the factors that might be responsible. His 
knowledge about factors affecting yields generally 
may generate "new" knowledge for the valuer in 
the particular case in question, even if that 
knowledge is circumstantial and revealed only by 
elimination of other cases. The weight of the 
differing pieces of evidence the valuer has 
available to him can be adjusted, as for cases of 
intrinsic randomness above, by assigning 
"probability" factors to the available evidence. 
For example, consider a small sample of factors 
likely to increase a property yield used in a 
valuation, as shown in Figure 18.
FIGURE 18 
FACTORS AFFECTING PROPERTY YIELD
lower grade tenant- -P(0.0)>
poor lease structure







The valuer analysing the sale of the property and arriving
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at a higher yield than expected, would then use his 
valuation knowledge in conjunction with knowledge about 
the particular property to find a reason for the increased 
yield.
To continue the example, the valuer may know that the 
location is satisfactory ("probability" 0.0) and is thus 
able to eliminate that factor from the equation. 
Similarly he may be aware that a refurbishment will not be 
due for some time. This evidence cannot therefore be 
eliminated but would be weighted with a low "probability" 
value (0.25) reflecting the unlikelihood of it alone being 
responsible for the increase in yield. Regarding 
the tenant, the valuer may not consider the tenant 
of lower covenant than would be expected, which 
enables him to deduce that the higher yield 
probably reflects a poor lease structure, and the 
possibility of refurbishment in the future. This 
knowledge was previously unknown to the valuer, 
his knowledge about the subject property has 
therefore been increased.
This kind of uncertainty is most often present in 
"diagnostic" domains of expertise, i.e. concluding causes, 
and hence treatment of problems from symptoms. It is 
therefore more likely to be used in a system of analysis 
rather than valuation of property.
7.2.4. Categorical Uncertainty
This type of uncertainty describes a decision process in
which the goals or constraints, but not necessarily the
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system under control, are "fuzzy" in nature. That is to 
say the goals and constraints constitute classes of 
alternatives whose boundaries are not sharply defined. 
(Bellman and Zadeh 1970). Predictably enough the term 
"fuzzy reasoning" is often used to describe this 
type of uncertainty. As an illustration, in the phrase:
"The mortgage advance on the property should not 
be substantially above £30,000".
"Substantially above" is a "fuzzy constraint" on 
the constant goal of £30,000. Similarly, in the phrase:
"The market value of the subject property is 
approximately £30,000".
"Approximately" makes the goal of £30,000 fuzzy. 
At first glance this may appear similar to intrinsic 
randomness discussed earlier. The essential difference is 
that randomness concerns uncertainty of membership or non- 
membership of an unfuzzy set, fuzziness on the other hand 
deals with classes in which there may be intermediate 
grades of membership between full and non-member. For 
example,
"The probability that property A is structually 
unsound is 0.1"
is a measure of the uncertainty of property A 
being a member of the non-fuzzy set or class of 
structually unsound properties. Conversely,
"Residential development B has a high class 
image".
is imprecise by virtue of the fuzziness of the term "high
class".
Fuzzy logic has been promoted as a highly satisfactory
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method with which to treat inherently vague concepts, 
particularly those often-used linguistic concepts such as 
large and small, good condition, high asking price etc. 
Context is also all important in this representation of 
uncertainty. For example, a small town is considerably 
larger than a large house.
7.3. REPRESENTING UNCERTAINTY IN VALUATION EXPERT SYSTEMS
Having discussed some of the types of uncertainty
possible, it is necessary to evaluate some of the
currently available methods which can be used to represent
those forms of uncertainty within an expert systems
environment. Three issues are clearly important:
a. the deficiencies of the currently available
representation techniques, many of which are based
upon probability theory, yet applied in an ad-hoc
fashion, primarily because of the difficulty in
obtaining sufficient data to apply the methods
rigorously;
b. the limitations of the available software; 
c. the type(s) of uncertainty present in the valuation 
domain.
7.3.1. Representational Deficiencies and the Use of 
Probability
"... there have been quarrels over different 
intuitions about uncertainty for at least 300 
years". (Fox 1987).
It should be apparent that even for the four most common 
types of uncertainty discussed above that there can be no 
single inference technique that can handle all of them
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(Mamdani et al 1985). This problem is exacerbated when
the limitations of the real-world property market are
consider, for example, limited statistical information,
imperfect comparability between buildings, theoretically
weak methods of valuation.
A number of competing theories have been proposed with
which to represent uncertainty in computer systems, many
based on probability theory.
It was noted in 7.1. above that probability theory is
often used in other valuation domains. The strict
application of probability-based statistics has a strong
mathematical foundation, and is one of the very few ways
of encoding uncertainty that has a formal and valid method
of addressing independence in the relevant variables
(Anonymous Reviewer 1988). However, the very fact that in
order to use probability theory correctly it must be
assumed that all evidence is conditionally independent,
and that all hypotheses are mutually exclusive, means that
in more complex problem areas the requirements for
formality are often in conflict with the facts of the
domain.
7.3.2. Redundancy and Control
When considering the type of uncertainty present in the
particular valuation domain two concepts are relevant:
a. uncertainty as an aspect of controlling the inference
mechanism of the system; 
b. uncertainty having epistemological status, that is;
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capable of being identified as an aspect of knowledge
itself.
Viewing reasoning under uncertainty as a control problem 
suggests that decision analysis literature should be 
considered. However decision analysis is concerned with 
the utility of actions, relative to the probabilities of 
their outcomes. Decision analysis, like other 
probabilistic techniques, consequently requires a complete 
combinatorial model, which would involve too much data for 
any but the simplest model (Cohen 1987), even were such 
quantities of data available. (see 7.3.3. below). 
The two concepts of control and epistemology can be 
considered as "duals" and are often conflated. Both are 
relatively we11-displayed in the methods used to deal with 
uncertainty where imperfect knowledge is present. The 
preferred approach to imperfect knowledge is to build 
redundancy into the system (Buchanan 1982). This can be 
achieved in one of two ways. Neither, it should be said, 
is exclusive, although each tends to apply to a different 
direction of "chaining": 
a. by building in redundant knowledge; 
b. by building in "priority reasoning" paths. 
Redundant knowledge was described under imperfect 
knowledge in 7.2.1. above. It relates to producing a 
conclusion by a number of different rule chains and can be 
considered a "forward chaining" technique.
To use the office building size example again, building 




(1) Occupier's requirements 
in square meters (M )—
n
(2) Workers x current MVperson
requirements ————————————— OR——^Building
Size
(3) Workers x current M2/person———————— 
requirements x expansion factor
Each of these three methods would render some value for 
the size of the office building. Clearly the most direct 
is (1) and should (1) be known the knowledge involved in 
(2) and (3) would become redundant. As long as the 
initial fact base contains the premises for at least one 
of the rule chains the building size can be deduced. 
Priority reasoning paths are a "backward chaining" 
technique and could perhaps best be described as finding 
"shortcuts" through the available knowledge. 
To use the same example again, the shortest route through 
the knowledge relating to office building size is the 
question referring to the user's space requirements 
directly. This link would therefore hold priority of 
reasoning, and would be used first. Only if this route 




2 (1) Occupier's requirements in M—————(1)
(2) Workers x current M2 /person \ Building 
requirements ———————(2)
(3) Workers x current M2/person
requirements x expansion factor———(3
Whilst both tend to operate in differing directions it 
should be clear from the above that redundancy in 
knowledge and priority reasoning paths are similar and 
interconnected.
It can be argued that this kind of uncertain knowledge can 
be present in every kind of property valuation, from 
portfolio investments, to council house sales, as it 
depends upon the knowledge the system user brings to the 
system. An experienced valuer will, in most cases, be 
able to take the "shortcuts" through the system to arrive 
at the valuation solution in the most efficient manner. 
Conversely, a less experienced user would find the 
alternative courses of reasoning available to him useful 
in both reaching a decision in a subject case, and in 
teaching him more about the area of specialisation in 
which he is working. This does not mean, therefore that a 
system aimed at practising professionals should disregard
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the ability to provide a solution by means other than the 
most straightforward.
In the mortgage valuation system, the use of imperfect 
information can be used to establish firmly intangibles 
such as the degree of modernisation of an older house. 
The extension of the conversation encourages consistent 
reasoning ensures that, where possible, uncertainty is 
used for control of reasoning and is modular in form. 
A further point to consider is the high degree of 
flexibility and "user-friendliness" this treatment 
of uncertainty will give to a system, particularly 
when being exposed by what is a relatively computer- 
illiterate profession. When the generally poor quality of 
explanation facilities available in the SAVOIR, and other, 
shell(s) is considered, this ability makes the system 
highly approachable and it could be considered important 
to include it extensively in the user interface for this 
reason alone. 
7.3.3. Probability Theory
Probability theory is the most formal technique available 
for representing uncertainty.
It was noted in 7.2.2., above, that intrinsic randomness 
relies upon an underlying probability theory based upon 
independent variables, which may not be suitable in many 
real world situations.
In many influential systems, researchers have circumvented 
this problem by simply assuming that all evidence is 
conditionally independent and all hypotheses are mutually
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exclusive (Craddock, Browse 1986).
In the MYCIN system (Shortliffe 1976), the researchers 
used "Certainty Factors" (C.F.'s) to try to model the 
probabilistic nature of evidence, whilst avoiding the 
complete probability models needed for a Baysian 
representation (see 7.3.4. and 7.3.5. below). However, 
users of the EMYCIN system (Van Melle et al 1981) 
developed from MYCIN, more often than not ignore the C.F. 
capabilities of the shell (Schafer 1987).
Representing this form of uncertainty causes no problems 
in terms of controlling the reasoning of the system. For 
example, to combine non-integer truth values for the two 
propositions below with probabilities (P),relating to a 
rule influencing the start of a builder's housebuilding 
program:
1. mortgage interest rates are expected to fall over 
the next 12 months. P (0.8)
2. employment prospects in the immediate locality 
are likely to improve due to a major 
multinational which is believed to have taken 
space in a nearby development. P (0.7)
To combine the two propositions most expert system shells 
follow the convention of the equivalent boolean operators, 
that is, when using the connective "AND" the lower 
"probability" value of 0.7 will be utilised, i.e. the 
"probability" of both events occurring is 0.7, which value 
would then be used to influence a decision. Conversely, 
should the connective "OR" be used, i.e. either 
proposition is sufficient to influence the decision, the 
higher of the two probabilities, 0.8 will be used. As a
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further consideration, the connective "NOT" relates to the 
inverse "probability": that is for 1. above, 1 - p(i) j_ e , 
(1-0.8) or 0.2.
Pieces of evidence are consequently combined in a 
consistent manner, and the technique has been successfully 
used in completed expert systems, notably the decision 
support system REVEAL (Sprague 1980). Lesmo, et al (1985) 
however, suggest that this need to respect a more or less 
formal approach means that experts are required to express 
their knowledge in an unnatural way, i.e. through 
numerical values, of which they are not aware in their 
normal reasoning.
The consequent difficulty in providing accurate values, 
even for this incomplete representation, may explain 
Schafer's comments above, and has been observed in other 
projects (Stockley 1987).
Fine (1973) suggests that the use of probability for 
modelling uncertainty conceals the difference between 
epistemological and statistical data. A point echoed by 
others:
"...most formal reasoning systems combine both 
extent of belief and certainty of belief into a 
single value" (Craddock, Browse 1986).
Neither can the method distinguish between different forms 
of uncertainty; each domain is treated in the same 
fashion, despite its inherent properties (Mamdani, 
Efstathiou 1985). 
A further limitation on the use of probability is the lack
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of evidence with which to produce useful probability 
values.
".. .we may lack the evidence necessary to 
make good probability judgements relative to such 
a model" (Schafer 1987).
The restrictions inherent in the use of a full probability 
approach are then perhaps too great when more complex 
problems are considered. Spiegelhalter (1986) suggests 
that:
"A probabilistic approach may be conceptually 
inappropriate, unnecessary or impossible to 
implement fully".
However, he goes on to deny that a probability value 
cannot be given to a property due to lack of evidence, and 
suggests that experts should be required to produce the 
necessary values. It is clear however that where there is 
little data with which to produce probabilities 
statistically, the values assigned by experts may be of 
equally limited integrity, and hence utility (Leaper 
1972). Problems will also arise if the data changes over 
time, as in property valuation.
Finally, if sufficient data were available to model these 
more complex fields completely, there would be little need 
to use these theoretically-based, yet "ad hocly" applied, 
expert systems techniques (Tong, Shapiro 1972); 
probability and decision theory would suffice. 
Intrinsic randomness clearly exists within the valuation 
world. Valuers are expected to assess factors similar to 
those in the example above every day in the production of 
property valuations. They may not combine the differing
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factors in such an explicit and rigorous manner; indeed 
it is probable that they are unaware that they do in fact 
combine all the factors they actually take account of in a 
valuation. Nevertheless, valuers take intelligent 
decisions based upon uncertain pieces of information. The 
more rigorous definition of the items relevant to the 
decision process/ necessary to build such an expert 
system, with the consequent generation of more consistent 
results, would itself be of value. It is considered, 
however, that this type of uncertainty relates more 
extensively to other areas of property valuation which 
already use probabilistic techniques, such as development 
appraisal, rather than to the mortgage valuation domain. 
Apart from problems caused by the difficulty of assessing 
accurately the "probability" values to be utilised, there 
is the question of reconciling rules which produce 
different truth values in relation to the same conclusion. 
For example, consider the following rules:
RULE 1. IF the subject property has a serious 
building defect;
AND that defect is not easily remedied; 
THEN do not recommend a mortgage advance.
RULE 2. IF the subject property is of great size, 
poor layout, design, and location;
AND it is considered that it would have 
no resale market on repossession;
THEN do not recommend a mortgage advance.
Developing this a stage further, if it is certain that the 
building has a serious defect, (certainty or probability
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of 1.0), and it is fairly certain that the defect could 
not easily be remedied (0.8), then rule 1. has a joint 
truth value of 0.8 using the boolean logic described 
earlier.
Similarly if the property is of generally poor layout etc. 
(0.7), and it is considered that its resale market would 
be fairly poor (0.5) the lower value of 0.5 is applied as 
the joint truth value for the rule.
The question now arises of how to reconcile the two 
conflicting values of 0.5 and 0.8 contributing to the 
decision to recommend a mortgage advance. This kind of 
representation therefore does not itself solve the 
problems associated with weighing-up disparate sources of 
evidence, particularly when that evidence is 
contradictory.
7.3.4. Certainty Factors and MYCIN
A solution to this problem was developed during the 
construction of MYCIN (Buchanan, Shortliffe 1984). The 
certainty factors used were developed from Bayes' theorem 
(Safiotti 1987). The certainty factor can best be 
considered as the difference between measures of belief 
and disbelief in a given hypothesis.
For example, the Certainty Factor (CF) of 
hypothesis (h) given evidence (e) is the measure 
of belief (MB) in (h) given evidence (e) minus the 
measure of disbelief (MD) in (h) given (e). 
Or algebraically,
CF (h:e) = MB (h:e) - MD (h:e)
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Certainty values range from +1 (complete truth), to -1
(complete falsity), with O being the mid point unsure
value. Measures of belief and disbelief however are always
positive and between 0 and 1.
The certainty factor therefore can be considered to show a
simple balance of evidence for and against a given
hypothesis.
This use of certainty factors cannot be derived from
probability samples as could be done in the case of
intrinsic randomness in 7.2.2. above (if sufficient
statistical evidence was available). The certainty factor
can be considered a "fudge", similar to the measures of
belief and disbelief which enable the user to express an
opinion, and the system to grade hypotheses, according to
their strength of support.
The method has been criticised for its failure to
represent ignorance (Safiotti 1987); i.e. the method does
not permit the distinction between cases of a conflict of
evidence, where both the measure of disbelief and belief
would be high (MB = MD > 0), and a lack of evidence where
both would be low (MB = MD = 0) .
The authors of the MYCIN system did however provide two
other features to complete their own representation of
uncertainty. These enabled:
a. new information to be combined with previous results;
b. the inference rules themselves to be uncertain.
The updating of information and consequent adjustment of
the measures of belief is accomplished as follows:
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the measure of belief in hypothesis (h) given evidence 
(el), followed by evidence (e2) is the measure of belief 
in (h) given (el) + the measure of belief in (h) given 
(e2) x 1 - the measure of belief in (el). 
Algebraically:
MB (h:el,e2) = MB (h:el) + MB(h:e2) x (l-MB(h:el)) 
The formula has two important qualities: 
a. symmetry, i.e. the order of evidence el and e2 is
immaterial; 
b. the formula moves the measure of belief
asymptotically towards certainty as evidence
accumulates in support of a hypothesis. To use the
previous example again:
RULE 1 IF the subject property has a serious 
defect (1.0);
AND the defect is not easily remedied (0.8); 
THEN do not recommend a mortgage advance. 
(Taking the minimum of 0.8 as before).
RULE 2 IF the subject property is of great size, poor 
layout, design and location (0.7);
AND there is no resale market on repossession 
(0.5);
THEN do not recommend a mortgage advance, 
(again taking the minimum 0.5).
The combined measure of belief in the two rules if 
both are used can be calculated as follows:
MB (h:el,e2) = MB (h:el) + MB (h:e2) x
(1 - MB (h:el)) 
= 0.8 + (0.5 x (1-0.8)) = 0.9
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This complies with what would naturally be expected
to happen when more than one source of evidence
indicates the same course of action; i.e. the measure
of belief in the hypothesis that a mortgage advance
should be refused is increased.
Certainty factors overcome the criticism made of Bayesian 
statistics concerning the combination of evidence for and 
against a proposition (see 7.3.5.). In a certainty 
factor , the interplay of positive and negative evidence is 
made explicit.
The representation of uncertainty in the rules themselves 
is the basis of rules utilising prior values. This can be 
considered as a measure of belief in a given rule, 
regardless of whether the conditions for its use are 
present or not. For example, if rule 1. above has a prior 
value of 0.8, and rule 2. a prior value of 0.6, then rule 
Lisa better indicator of whether to refuse a mortgage 
advance than rule 2. These prior values must then be 
modified by the measures of belief provided by the system 
user.
RULE 1. (prior value 0.8)
IF the subject property has a serious defect (1.0);
AND that defect is not easily remedied (0.8);
THEN do not recommend a mortgage advance.
RULE 2. (prior value 0.6)
IF the subject property is of great size, poor layout, 
design and location (0.7);
AND there is no resale market on repossession (0.5); 
THEN do not recommend a mortgage advance.
167
Taking the lower value as before, reflecting the logic of 
the connective AND, the measure of belief (MB) in the 
hypothesis (h) for refusing a mortgage advance on a 
subject property, in the light of the prior values 
attributed to the rules used in the reasoning process and 
the measures of belief contained in the user's response to 
the system's interrogation, is as follows:
MB(h:Rule l,Rule 2) = (0.8 x 0.8) + (0.6 x 0.5)
x 1-(0.8 x 0.8)
= 0.64 + 0.3 x 0.36
= 0.748
This reflects the increased weight of the two rules taken 
together, tempered by the original levels of belief that 
can be attributed to the rules themselves.
This set of techniques have been criticised, particularly 
by statisticians, as lacking justification and formal 
proof of validity, and of being ad hoc applications 
claiming a sound theoretical basis (Spiegelhalter 1986, 
Safiotti 1980). The formulae is also insensitive to 
changes in the certainty factors , and the values of 
hypotheses converge rapidly to one as the number of 
supporting rules increase (Buchanan, Shortliffe 1984). 
Nonetheless the technique was successfully used in the 
MYCIN system and has been widely adopted.
7.3.5. Bayes' Theorem
An often used alternative, from which Shortliffe's
certainty factors were derived, is Bayes' Theorem. This
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theory of prior evidence, put forward in the 18th century 
by the Reverend Thomas Bayes, suggests that there is for 
every event a prior probability of it happening, even if 
that probability is so small it is in fact zero. Many 
expert systems have used a form of Bayes as a 
means of comparing competing hypotheses on the 
strength of the evidence in support of those 
hypotheses.
SAVOIR, the shell being used for the mortgage valuation 
expert system project, contains an adapted form of Bayes' 
Theorem as one of its techniques for representing 
uncertainty. The theorem can be summarised as follows:
Probability of event E if 
"likelihood ratio" hypothesis H is true
of event E given = _____________________
Hypothesis H
Probability of event E if 
hypothesis H is false
or;
LR (H:E) = P (E:H)
For example, given the probability of a claim for 
negligence against a qualified mortgage valuation 
surveyor, and the probability of a claim against a 
non-qualified agent/valuer, it would be possible 
to calculate the "likelihood ratio" of the defendant 
being qualified in any given claim case.
Bayes' rules are usually quoted as probabilities, 
reflecting their statistical origins, or as "odds".
169
As with Shortliffe's certainty factors, a prior value is 
attributed to an event, and the values attached to the 
rules are then recalculated as evidence accumulates, 
reflecting the degree of truth attributable to a given 
hypothesis as follows:
Likelihood ratio x prior odds = posterior odds 
LR (H:E) x 0(H) = 0'(H)
Information from disparate sources contributing to a given 
solution is easily combined by multiplication. As an 
example, take the expected lifetime performance of 
differing roof coverings from a fictitious sample of roof 
maintenance programmes shown in Figure 21:
FIGURE 21 


















From this sample the prior odds of a flat roof (of any 
type) surviving longer than 25 years are 44/56 or 0.7857. 
The likelihood ratios for the two roof types can be 
calculated as follows:
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LR (Bitumen surviving > 25 years) = 20/44 = 0.8815
33/56
LR (Copper surviving > 25 years) = 24/44 = 1.3280
23/56
The posterior odds can be calculated as shown previously. 
For example, the posterior odds of a roof completing 25 
years performance given the knowledge of its copper 
covering are:
0' (life > 25 years) = 0.7857 x 1.3280 = 1.0434 
Inclusion of a further variable influencing the lifespan 
of a roof is simply achieved. For example, the procedure 
to include roof pitch is as shown in Figure 22:
FIGURE 22 
ROOF PERFORMANCE STATISTICS 2
Roof Pitch
< 10% from horizontal
> 10% from horizontal
Totals













Calculating likelihood ratios as before:
LR Roof < 10% pitch surviving 25 years = 24/44 = 0.8484
36/56
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LR Roof > 10% pitch surviving 25 years = 20/44 = 1.2727
20/56
Thus given the prior odds of a life of > 25 years as 
0.7857 (as above) it is possible to compute the posterior 
odds that a copper roof with a pitch of > 10% will last 
longer than 25 years as:
0' (life > 25 years) = 0.7857 x 1.2727 x 1.3280
= 1.3279
The principle can be extended to larger numbers of 
hypotheses with little problem. The LR multipliers 
indicate how much more likely an event becomes given the 
different hypotheses.
As with Shortliffe's methods the inclusion of doubtful 
evidence can be achieved by multiplying the likelihood 
ratio by the following formula:
Poster- Prior Probability Probability
ior LR = LR x evidence + 1 - evidence
Ratio is valid is valid
Bayes' theorem is, in its complete form, more 
theoretically sound than the certainty factors 
developed in MYCIN. It is however not used in 
this form because of the computational complexity 
inherent in its full implementation.
In common with other probability theories Bayes' 
is further constrained by:
a. the need to establish prior probabilities for each 
goal, for example, when considering the prior 
probability of a structural defect in a house and its
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effect upon the resulting mortgage valuation, the best 
evidence with which to suggest a prior probability is 
perhaps to be derived from a statistical study. The 
question then arises as to what sample size should be 
used: a town? a county? perhaps country-wide? Indeed 
what evidence is actually available to assist the 
valuation expert system builder? For this reason, it 
is probable that prior values will have to be assigned 
as matters of "informed opinion" by valuers as 
suggested by Spiegelhalter in 7.3.3. above. Whilst 
considering this unsatisfactory it should be noted 
that this "informed opinion" is after all the means by 
which valuers produce property valuations;
b. the requirement for goals to be considered mutually 
exclusive, which is unlikely in most real-world 
applications;
c. the requirement for evidence to be independent. This 
problem is shared with regression analysis where 
correlation between "independent" variables also 
causes problems;
d. the use of a single value for a proposition does not 
give a good indication of its precision. 
Equally the combination of evidence for and 
against a proposition into a single value 
fails to make clear how much of each evidence 
there is.
Despite these problems Bayes' theorem is widely used to
represent uncertainty in expert systems.
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7.3.6. Fuzzy Reasoning
It was noted in 7.2.4. above that the use of "fuzzy logic"
is considered suitable for the treatment of linguistic
concepts such as good condition, high rent etc. Expert
systems have been constructed using such ad-hoc sets of
linguistic phrases (Whalen, Schott 1985).
The theory behind these representations is that in many
practical applications a given datum is characterised by a
restricted set of adjectives (Lesmo, et al 1985), it is
therefore more natural to use these "fuzzy" quantifiers
than the artificial scalar values found in probability
theory and the use of certainty factors (Bonisonne, Tong
1985).
This representation, extends classical two-valued Boolean
logic to multiple-valued logic, i.e. in Boolean logic 0
represents falsity, and 1 truth. In fuzzy logic all
fractions between these extremes are used to indicate
partial truth (Zadeh 1965). For example,
P (Good condition (x)) = 0.90
Indicates that the proposition "x is in good condition" is 
nine-tenths true. Extending this reasoning the 
proposition is also one-tenths untrue.
Fuzzy logic uses the Boolean operators AND, OR and NOT to 
combine the values attributable to different pieces of 
evidence as follows:
PI AND P2 = MIN (PI, P2)
PI OR P2 = MAX (PI, P2)
NOT PI = 1 - PI
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Pieces of evidence are thus combined in a rigorous and
consistent manner.
Considering the field of mortgage valuation, it has been
observed that often a valuer is called upon to confirm an
agreed sale value. The use of a fuzzy goal equating to
the known sale value would therefore be one way of
confirming or denying its acceptability as a reasonable
market value.
For example, if the agreed sale price is £39,500
and the mortgage valuation expert system produces
a market value of £39,000, it might be possible to
use the fuzzy constraint "sale price not
substantially higher than market value" to allow
the slightly higher figure to be accepted as a
suitable loan for mortgage purposes.
This type of uncertainty could produce a suitable
representation of the professional judgement a valuer may
be called upon to exercise, particularly in producing a
final valuation figure or in "rounding" values to suitable
figures.
The method, however, has its critics. Hayes (1974) argues
that fuzzy logic, by grading the possible response into an
arbitrary scale of units, is even less realistic than a
simple yes/no based system, and would produce unsuitable
scales in different parts of the system.
Problems are also often found in defining the membership
function for the fuzzy parameters. For example, what would
"substantially" be in the context of the valuation example
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above? £500, £2,000, or a percentage of the sale price 
agreed? All of these contain deficiencies when a wide 
range of properties are considered. A £2,000 
difference in sale price agreed and the expected 
market value is unlikely to cause a valuer to 
refuse to agree a value on a £100,000 property. 
The same could not be said for a £15,000 terraced 
house in poor condition. Similar problems arise when the 
use of percentage values is considered.
Furthermore the use of fuzzy logic, like probability 
theory, does not solve the problems associated with 
weighing up disparate confirmatory or contradictory 
information which may have conflicting weights of 
evidence (See 7.3.3. for an example).
The fuzzy set theory has also been shown to be insensitive 
to all changes in the probability values except the 
smallest in conjunction (AND); and the largest in 
disjunction (OR) (Duda 1977).
Finally Schefe, a particularly strong critic, claims that 
this linguistic vagueness is an uncertainty about the 
predicate's applicability rather than its definition:
"Inference is likewise exact, all vagueness being 
reducible to the uncertainty in the adequacy of 
the descriptions" (Schefe 1980).
7.4. LIMITATIONS OF THE SAVOIR SYSTEM
The mortgage valuation research uses the SAVOIR expert 
system shell. SAVOIR is a powerful first generation shell 
which can operate in both "production rules" and 
"inference network" modes. The inference method is based
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upon the popular Bayes' theorem, though SAVOIR in common 
with other shells uses an approximation of Bayes', rather 
than the complete formula. This use of a Baysian inference 
method allows great flexibility within the system and 
permits SAVOIR to support forms of both intrinsic 
randomness in the knowledge it contains, and inherent 
indeterminancy, although the limitations noted above must 
be observed. The representation of categorical 
uncertainty is also possible by using a form of fuzzy 
reasoning which SAVOIR contains.
The demonstration system developed from the mortgage 
valuation research consists of simple production rules. 
This type of representation readily adapts to support the 
more simple treatments of uncertainty that have been 
developed and is particularly suited by its very 
simplicity to systems involving redundant knowledge. 
The software in this case is therefore sufficient to 
support the kinds of uncertainty required to produce a 
small demonstration system representing a select subset of 
the information gathered from the professional valuer. 
Two further points to be considered when concluding the 
representation of uncertainty, apart from the approximate 
nature of the formulae used in expert system shells, are: 
a. because of the inherent limitations of the available
representations of uncertainty the simpler the use of
uncertainty can be kept the better; 
b. it is considered desirable to keep areas of
uncertainty modular wherever possible: for example,
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any uncertainty in the part of the system dealing 
with the state of repair should produce a 
conclusion which can be returned to the rest of the 
system and used as if it were certain. This could 
take the form of a graded response (good, bad, 
average), based upon the user's answers to the 
system's questions, which can then be treated as a 
firm item of knowledge for the purposes of producing a 
final valuation figure for a subject property: for 
example, (state of repair is good) or (state of repair 
is average).
7.5. UNCERTAINTY IN THE MORTGAGE VALUATION DOMAIN
From the arguments set out above three conclusions can be
drawn:
a. the type of uncertainty used in an expert system 
should be dependent upon the domain of knowledge to 
which the expert system relates , not simply upon the 
type of uncertainty the chosen shell supports. It is 
therefore necessary to identify what types of 
uncertainty are present in the domain of mortgage 
valuation;
b. SAVOIR, the chosen expert system shell, can provide 
adequate representations for the more usual types of 
uncertainty, although the limitations of these 
representations should be recognised. In particular 
the generally poor quality of estimates of prior and 
probability values should be considered, and the 
approximate nature of the formulae used appreciated;
178
c. simplicity in representation improves accuracy. 
Modularity of uncertainty allows greater control and 
encourages speed of operation within the system. 
Within the mortgage valuation domain problems of 
unreliability of information are considered to be the 
results of incomplete knowledge rather than uncertainty 
per se. This would not necessarily be the case in other 
areas of property valuation such as development appraisal. 
For example, if a mortgage valuer is interested in 
establishing the presence of a D.P.C., usually this will 
be visible to the eye. If this is not the case, the 
valuer may be able to confirm the absence of a D.P.C. from 
a number of other items of information, for example, the 
presence of rising damp. The rising damp must however be 
distinguished from other causes of damp, such as 
condensation, leaking pipework within a wall, a bridged 
rather than breached D.P.C. The system in this instance 
would operate as in figure 23:
In Figure 23, uncertainty in the user's knowledge is 
accommodated by the system's ability to arrive at a 
conclusion through a number of different methods. A 
simple true or false response can therefore be returned 
to the main system and used in calculating the final 
mortgage value. By avoiding where possible the use of 
probabilistic techniques (including certainty factors, 
Bayes' theorem and fuzzy logic), it is possible to follow 
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QUESTION (is the D.P.C. intact?)
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"The basic mechanism we have for coping with 
uncertainty in expert systems is to exploit 
redundancy" (Buchanan 1982).
By using reduncy to represent uncertainty it is possible 
to prevent the user from guessing, or producing an 
inaccurate confidence factor to justify his response. 
To use one of the alternative methods of representing 
uncertainty might have resulted in the user of a system 
being presented with a scenario as follows:
QUESTION is there a D.P.C.?
(PRIOR 0.8)
In the SAVOIR system, the question above would require a 
response on a scale of -5 (falsity) to +5 (truth). The 
position of the answer on this scale dictates the 
posterior level of certainty passed back to the main 
valuation system. Whilst at the extremes of +5 and -5 
this is clearly useful, the previous example would suggest 
that a simple "I don't know" response would be of greater 
utility than the graded response of say +2 which would 
produce an indeterminate value.
A further disadvantage lies in the lack of modularity 
likely in this method of representing uncertainty, as 
often the degrees of belief produced in the various 
hypotheses will be propagated through the system, causing 
a general dilution of the utility of the advice given. 
Redundancy of control and knowledge is therefore 
considered an adequate method with which to represent 
uncertain knowledge in the mortgage valuation domain, 
and has thus been used in the prototypes.
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This adoption of redundancy alone as a suitable approach 
for what initially appears to be a domain containing large 
amounts of probability, requiring complex representations, 
might appear puzzling. However similar, and more extreme 
decisions have been reached in other systems:
"...the ability to handle uncertainty may not be 
needed in ARIES... " (Chamberlain 1987).
ARIES is an "equity selector" system which assists fund 
mangers choose companies for investment purposes. 
Fox (1980) deleted the probability values from an existing 
Baysian advice system and found no decrease in diagnostic 
performance, and an increase in the comprehension of the 
system's operation, due to its heightened anthropomorphic 
qualities.
A major discussion point in expert systems is whether a 
complex entity about which one has incomplete knowledge is 
best modelled by a system which is increasingly large, but 
essentially deterministic, or one that is parsimonious and 
probabilistic (Spiegehalter, Knill Jones 1984). It is 
considered that the above arguments make a strong case for 
the former treatment where applicable and possible. 
Furthermore, as a prime aim of expert systems research has 
been the explication and formalisation of knowledge, it 
can be argued that the use of probability theory and 
related techniques should be discouraged in the interests 
of more "human" systems.
Considering the valuation system, by using as far as is 
possible the concepts of redundancy rather than 
probability, the modularity of the system can be
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preserved. Indeed the system could be regarded as a 
number of sub-systems serving the main valuation program 
as in figure 24.
FIGURE 24 
THE MODULAR EXPERT SYSTEM
MAIN PROGRAM
SYSTEM REQUESTS
LOCATION & HOUSE TYPE
& DATE OF VALUATION





& DEFINES MIN. 
& MAX. VALUES 
POSSIBLE, WITH 
REFERENCE TO 
COMPARABLES & PASSES 
THESE VALUES BACK 
TO MAIN PROGRAM
SUBSYSTEM D ——————————
ADVICE ON COMPARABILITY 
OF INITIAL SELECTION 
PROBABLE REDUCTION OF USEFULN 
COMPARABLES AND CONSEQUENT 
REDUCTION IN RANGE OF 
POSSIBLE VALUE PASSED 
TO MAIN PROGRAM
SUBSYSTEM F ——————— 
FINAL CHECK OF 
COMPARABLES & 
SUBJECT, ADJUSTMENTS 
MADE FOR STANDARD 
OF FINISHES ETC. ADVICE 
RETURNED TO MAIN SYSTEM
.SUBSYSTEM B
ADVICE OF THE EFFECT 
OF FREEHOLD/LEASEHOLD 
TENURE ON VALUE PASSED 
BACK TO MAIN PROGRAM
SUBSYSTEM C
CHECKS PHYSICAL 
FEATURES OF SUBJECT 
PROPERTY IE GARAGES, 
HEATING, SERVICES ETC 
& RETURNS RESULTS TO 
MAIN PROGRAM
SUBSYSTEM E
REPAIR OF SUBJECT 
PROPERTY (STRUCTURAL 
& SUPERFICIAL). ADVICE 
ON EFFECT ON VALUE 
PASSED TO MAIN PROGRAM
VALUATION FIGURE 
PRESENTED TO USER. THIS 
FIGURE CAN BE QUESTIONED AND 
AN EXPLANATION OF THE REASONING 
USED IN THE VALUATION GENERATED
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Within each of the sub-systems uncertainty could be 
accommodated if required, yet each can return a clear cut 
response to the main program which produces the valuation 
figure, thus retaining the desired modularity of the 
system.
7.6. CONCLUSION
The methods of representing uncertainty in expert systems
described above can all be considered as non-optimal.
Each has advantages, but all are compromised by the
contradiction inherent in representing intangibles within
a tangible descriptive framework. Work in the field of
representing uncertainty within computer systems is one of
the most frequently discussed topics in computer science
circles. This research is an ongoing, and very probably
open-ended, task within the broad framework of "Artificial
Intelligence" research.
The probabilistic methods of inexact reasoning typically
exhibit serious deficiencies of statistical inference
(White 1985); for this reason the use of redundancy is
preferred.
What all the above representations do have in common is
that they are available in the various expert systems
shells and that they work within the constrains of their
inherent limitations.
The demonstration system under construction necessarily
makes use of this available technology in the same way
that another program for property valuation might use a
spreadsheet, PASCAL or BASIC. None of the approaches
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outlined can be considered ideal but the need for some 
kind of representation is crucial if the system is to be 
built and its potential to assist the valuer assessed. 
Having formalised the requirement for uncertainty Chapter 
8 will outline the mechanics of the SAVOIR shell.
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CHAPTER 8 
EXPERT SYSTEM SHELLS AND SAVOIR
8.1. GENERAL
The majority of expert systems applications research 
utilises the available shell systems for the following 
reasons:
8.1.1. Low Capital Cost
Shells vary in price from a few hundred pounds, e.g. 
CRYSTAL II £595, ADVISOR II £495, to upwards of £50,000 
for state of the art "AI" software "environments" running 
on specialised hardware, e.g. INFERENCE ART £60,000 
(Inference Corporation), KEE (Intellicorp) £20,000, 
KNOWLEDGE CRAFT (The Carnegie Group Ltd.) $50,000. A 
typical Personal Computer-based shell costs £1,000-3,000.
8.1.2. Ease of Use
Shells are claimed to be "user friendly" enabling 
rapid adoption of the software (the Author's knowledge 
of SAVOIR was largely self-taught).
8.1.3. Time to Implementation
The shell contains the inference mechanism and a form of 
knowledge representation. The system-builder is required 
to create only the requisite knowledge-base files using 
the structures provided. Time to implementation is 
consequently shorter for shell-based projects than custom- 
built systems.
194
8.1.4. Reduced Requirement for Specialist Personnel
Shells reduce the requirement for specialist 
programmers to be involved in a project by virtue of 
their ease of use, which enables the domain expert to act 
as the "knowledge engineer".
These arguments in favour of using a shell outweigh the 
disadvantages of representation constraints, limited 
access to other software systems and the statistical 
inference deficiencies noted in the previous chapter. 
Currently the range of shells available is expanding 
rapidly. In contrast, objective advice about both the 
capabilities of those shells and the qualities that are 
required for different applications is scarce.
8.2. REQUIREMENTS OF THE VALUATION EXPERT SYSTEM SHELL
On the basis of prior domain knowledge and initial 
investigative work with the valuer from whom the basic 
knowledge was to be acquired, a list of requirements was 
drawn up for the residential property mortgage valuation 
system. These were as follows:
8.2.1. Forward Chaining System
The system should arrive at a "supportable" value for a 
property when input with relevant data concerning that 
property. This suggests what is known as a "forward 
chaining" system. A forward chaining system reasons 
forward from basic data, attempting to prove a goal or 
goals. On proof of sub-goals, the system can continue to 
propagate the reasoning until the ultimate goal is
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reached. Backward chaining is the converse of this. The 
system selects the most likely goal and checks antecedent 
conditions, goals and facts against those required for the 
chosen goal, until it is proven correct or otherwise. 
Each method has advantages in particular applications. 
If there are many goals, as in a valuation system where 
the range of possible values is huge, forward chaining may 
be better. Where the goals can be specified, for instance 
the right to compensation under compulsory purchase laws, 
backward chaining may be more useful (Gronow, Scott 1987).
8.2.2. Access to External Packages
Residential valuation is based upon comparison with other 
properties of similar type and location. A database of 
comparable properties would therefore be necessary. This 
could be written within the SAVOIR system, or preferably 
compiled externally and accessed by the mortgage valuation 
system as necessary, much in the way the human valuer uses 
comparables. Access to other software packages, 
particularly a database management system (D.B.M.S.), 
would therefore be required. Subsequent developments could 
utilise larger databases enabling the system to function 
in a wider geographical context.
The construction of this database suggests that an 
"induction" package (see 5.3. above) could be 
applicable, an opinion further reinforced by the lack 
of formal valuation methodology, noted by Mackmin 
(1985) among others, with which to build explicit 
rules of valuation.
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8.2.3. Capacity to Use uncertain Information 
The valuation of a property involves the production of a 
value at a specific point in time. Knowledge about the 
values of physical variables which contribute to the value 
of a property as a whole will therefore be time-related 
and may not be certainty, particularly in a changing 
market. A capability for using uncertain information would 
therefore be required within the system. Although this 
could be limited to the use of imperfect knowledge in the 
mortgage valuation demonstration systems to be 
developed, any future projects might involve different 
domains and hence different types of knowledge and 
uncertainty.
8.2.4. Simplicity of Operation
Ease of construction and use were also of importance, 
considering both the valuation profession's aversion to 
computers and the timescale of the project.
8.2.5. Delivery Vehicle
The hardware available was also considered. A decision to 
implement the system on a micro- as opposed to a 
mainframe, computer was taken primarily due to the 
availability of I.B.M. personal computers within the 
Department of Estate Management and Quantity Surveying. A 
further relevant point,however, was that micro-computers 
are the machinery most likely to be available to private 
practices should demonstration of the system be required 
at sites other than The Polytechnic of Wales.
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8.2.6. Coat
The final constraint was cost. Clearly systems like
KEE and INFERENCE ART are impossible to justify for
the project and a compromise was struck regarding
facilities offered and cost.
After evaluating the shells listed in Appendix 2, the
SAVOIR system was adjudged the most suitable. It
should however be noted that the list of shells
investigated is by no means exhaustive, and takes no
account of any revisions in the shells mentioned
since the evaluation in February/March 1986.
It should equally be noted that the choice was made
between the then available shells.It is unlikely that a
project instigated now would utilise the SAVOIR system on
the basis of its poor ease of use. A new generation
of more integrated, easier to use and equally powerful
shells has become available since the date of
evaluation.
8.3. SAVOIR
The SAVOIR manual offers the following overview of the
package:
"An expert system stores the knowledge about some 
real-life situation as a model on the computer. 
The model is written by the model builder using 
the modelling language provided by the SAVOIR 
expert system. A model is built from questions, 
variables and actions. Once a model has been 
compiled, it is available to be consulted by a 
model user. The system aims to discover the 
values of selected variables called goals. To do 
this it examines the model to find those 
questions which must be answered in order to 
evaluate these goals. When the model user 
replies to a question, the system uses the
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response to complete the values of as many 
variables as it can. It then checks to see what 
actions should be fired and obeys them".








SUB GOAL 3 
and
SUB GOAL 4




That is, to prove/disprove the main goal, prove/disprove
sub goals 1 and 2;
to prove/disprove sub goal 4 prove/disprove questions B
and C, or A.
This classical backward chaining process is used in many
other shells available, primarily for its elegance and
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adaptability. The SAVOIR system is also able to simulate
forward chaining when in receipt of sufficient basic data.
In backward chaining the line of reasoning propagates
through the inverted tree structure to the lowest level of
abstraction by the shortest route possible. At that level
the system displays the question of highest utility in
proving goals higher in the hierarchy. For example, sub
goal 1 may be proved/disproved by either:
a. sub goal 3 and related questions X and Y;
b. sub goal 4 and related questions A or B and C;
c. question Z.
The third option shows the highest utility and would hence
be used first, making the other questions redundant if the
sub goal was satisfied by the user's response. If not the
system would proceed to questions X and Y to
prove/disprove sub goal 3, which has the next highest
utility in proving/disproving the sub goal 1, and hence
the main goal. The user's response would be returned up
the tree structure proving/disproving sub goals as far as
possible, until either the top level main goal is
proved/disproved or another set of sub goals is required
to be investigated (sub goal 2).
This methodology can also be over-ridden by powerful
control features called "actions" which take effect once
certain conditions are fulfilled.
Once written, compiled, checked and run the system
interacts with the user, asking relevant questions,
proving sub goals and goals and offering advice at the
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level of expertise it contains.
Apart from the user, SAVOIR may interact with other 
systems, for example, external sensors in a process 
control environment, other pieces of propriety software, 
i.e. databases and spreadsheets.
The current (second) demonstration system interacts with a 
database of comparable properties built using the SMART 
system. This ability enables a three, or more, -way 
consultation, with the SAVOIR system acting as the 
controller of the actions taken, based upon the 
information that flows through it from the external 
systems and user.
8.4. ENCODING KNOWLEDGE IN SAVOIR
The knowledge base for the SAVOIR system is written using 
a propriety word processing package such as WORDSTAR. 
This text input contains questions to be asked of the 
user, conditions relating to the responses generated by 
those questions, action phrases and variables to be 
evaluated. Curiously enough, despite the fact that the 
generic term "rule-based" programming is often used to 
describe expert systems, the rules in this instance are 
not explicitly encoded. Rather, they are found in the 
conditional statements attached to questions, and the 
antecedents attached to variables.
8.4.1. Types of Question
SAVOIR contains facilities to use four types of 
question which are classified by the response required
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from the user:
a. numeric (real or integer);
b. condition (i.e. yes/no/don't know);
c. probability (user answers on a scale of +5 to -5, the
position on the scale indicating the degree of
belief/disbelief, i.e. +5 total belief, -5 total
disbelief; 
d. string (a string of text characters, for example a
name). 
The questions are constructed in the following form:
1. 2. 3. 4.
QUESTION Leasehold "Is the property YES/NO
leasehold ?"
Defines Question Text displayed Identifier of
statement name for to user question type
as a identif- for example,
question ication CONDITION
Amplification text for the question to assist the user 
may be included after (3) by using the identifier 
AMPLIFY, for example:
QUESTION leasehold "Is the property leasehold?" 
AMPLIFY "This means the property is not owned in
perpetuity by the occupier'. 
YES/NO
Questions may also be qualified by use of the 
statements IF and ELSE.
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For example:
QUESTION leasehold 'Is the property leasehold?'
YES/NO
IF In South Wales
ELSE FALSE.
For the user to be asked the question "leasehold" the 
qualifying condition "In South Wales", must first be 
evaluated. If it is found to be true the "leasehold" 
question will be asked. If false then "leasehold" will 
be assumed false and the consultation will proceed on 
that basis.
8.4.2. Types of Variable
As with questions variables may take four forms:
a. number (integer or real);
b. condition (true or false);
c. probability (probability value);
d. string (string of characters).
These variables are constructed thus:
NUMBER MARKET VALUE 'THE MARKET VALUE-REPAIRS
VALUE'
Defines variable variable Preceding 
variable name for description variables which 
type identific- make up the
ation current variable
and must hence 
be evaluated 
prior to the 
current variable
As for questions, extra text may be attached to a 
variable by use of the ESSAY identifier. These are 
the only "explanation" features built into the SAVOIR
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shell and their use is considered limited, 
particularly when more recent shells, e.g. LEONARDO 
are considered.
An important distinction between ESSAY and AMPLIFY is 
that the invocation of ESSAY displays all other essay 
texts along the particular line of reasoning being 
followed. Lengthy and complex lines of explanation 
can therefore be built up; however, this lack of 
control over the feature means that great care must be 
taken to ensure the logical construction of the 
completed argument.
8.4.3. Actions
Actions are powerful command features which control the
reasoning process and determine the questions and
variables to be evaluated.
An action is "fired" when its qualifying conditions
are satisfied, and it then over-rides the normal reasoning
pattern established by the backward chaining process.
Consequently actions may be considered as
"imperatives" used typically for, DISPLAY, STOP, DO,
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It was noted in 8.2.2., above, that access to other 
software systems would be required. The authors of 
SAVOIR have produced a small range of interfaces to 
popular software packages, of which only one was a 
database at the time of purchase in March 1987. This 
lack of choice reflects the very recent realisation that 
for expert systems to develop from demonstration systems 
into useful everyday tools, they must become integrated 
with conventional data-processing systems commonly used in 
business.
The interface supplied was poorly-documented and 
contained a number of bugs which delayed the 
development of the second demonstrator. However the 
progression from "stand-alone" to integrated software in 
the two demonstrators reflects the evolution of the 
expert systems community as a whole, and puts the 




ADVISOR II. Expert Systems International, 9 Westway, 
Oxford, 0X2 OJB.
INFERENCE ART. Ferranti Computer Systems Limited, 
Product Sales, Ty Coch Way, Cwmbran, Gwent, NP44 7XX.
CRYSTAL II. Intelligent Environments, 20 Crown Passage, 
St. James's, London, SW1Y 6PP.
Gronow, S., Scott I. (1987). Expert System Shells for 
Valuation. Journal of Valuation. Vol. 5.2. 200-212.
KEE. Intellicorp. 1975 El Camino Real West, Mountain 
View, C.A., 94040-2216, U.S.A.
KNOWLEDGE CRAFT Carnegie Group Inc., 650 Commerce Court, 
Station Square, Pittsburg, P.A. 15219, U.S.A.
LEONARDO, Creative Logic Ltd., Brunei Science Park, 
Kingston Lane, Uxbridge, Middlesex, UB8 3PQ.
Mackmin, D. (1985). Is there a Residential Valuer in the 
House? Journal of Valuation. Vol. 3.4.




THE MORTGAGE VALUATION DEMONSTRATION SYSTEMS
9.1. GENERAL
Each of the proceeding chapters has dealt with elements of 
fundamental research necessary to evaluate the suitability 
of a knowledge-based approach to residential mortgage 
valuation.
This Chapter will discuss the results of the knowledge 
elicitation process carried out with the "lead" valuer, 
using comments from the interview transcripts as 
illustrations (see Appendix 1 for the full transcripts). 
The Chapter will also describe the two demonstration 
systems, detailing their operation and deficiencies. An 
analysis of the accuracy of the two systems will also be 
made and the results of the exposure to further valuers 
discussed.
9.2. KNOWLEDGE ELICITATION USING THE "LEAD" VALUER 
Section 5.5., above, described a composite methodology 
developed to elicit valuation expertise from the "lead" 
valuer. This methodology, applied over the period February 
to June 1986, produced the following framework within 
which to develop the first and subsequent demonstration 
systems.
9.2.1. Separation of Knowledge and Data
Valuation expertise can be considered "transportable", 
that is, it should be possible for the valuer to perform
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competently when moved from one geographical area to 
another/ given a certain amount of information, and after 
a brief acclimatisation period. This factor indicates that 
valuation techniques can be divorced from the data 
required to produce valuations. The expert system's 
knowledge base is theoretically constructable, therefore, 
without incorporating data concerning the properties to be 
valued. This departure from the combined data and 
expertise approach used in regression analysis is 
significant. It represents a first attempt to explicate 
the methodology of residential valuation rather than to 
analyse the results of the mechanism of this imperfect 
market.
9.2.2. Valuation Area
The valuer considers that there is an optimum size 
of area, within which a valuer will be able to 
value to an acceptable degree of accuracy, once he 
is familiar with the pattern of values within that 
area.
AUTHOR: "Do you think that there's any particular 
size of an area which you would need to cover to 
be considered expert? ... I'm trying to get down 
to a situation where in a small area you might 
be very expert, and over a wider area you 
might be less expert."
VALUER: "A sort of optimum area? .. Yes."
This area is unlikely to be of the same 
geographical size for different regions of the U.K. It is 
considered that it is more likely to be based on a 
relationship between geographical size and stability in
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values over a given area.
VALUER: "I think , the trouble is with this 
particular area, the South Wales valleys, you do 
get such a lot of fluctuation. You've got little 
cul-de-sac valleys where prices really drop to 
rock bottom, and then you've got other areas 
where they can get very high prices; and they're 
not a very long distance apart. I think it 
depends on the type of area you're talking about. 
It's difficult to generalise. In some parts of 
the country it might be a lot more uniform. You 
might find over a wider area the prices tend to 
stay the same more than they do in South Wales".
AUTHOR; "Do you feel that would influence 
the area you feel proficient in?"
VALUER: "Yes, it would really. It is difficult 
when you haven't worked in other areas, although 
I have done a bit in Bristol from time to time, 
and I think you find that in that area prices do 
tend to stay much more at the same sort of 
level; you don't really get such wild 
fluctuations in that area as you do here. 
There are such strange features about 
South Wales which aren't repeated in 
other parts of the country."
This wide variation in price would effectively 
reduce the valuer's optimum area in geographical 
terms when compared to a location such as Bristol, 
which exhibits a more stable range of values 
between adjoining areas.
This concept has been recently developed further 
by Adair and McGreal (1986), who also attempted to 
define homogeneous areas of property, although by 
considering statistical variability, rather than 
valuer definition as the criteria for boundaries. 
The R.I.C.S. has also begun to consider this topic 
in its "Assessment of Local Housing Market Areas" 




Not surprisingly, given conventional valuation wisdom, 
location was denoted as the most significant factor 
available to the valuer.
AUTHOR: "So your location is probably the 
prime thing you would be looking for?."
VALUER: "Yes, it's very important - location." 
Given location the valuer can often infer a probable house 
type and age, and also a preconception of the house he is 
to value.
AUTHOR: "Do you find then because of the 
location you have a preconception of what 
you would be expecting when you get 
there?."
VALUER: "You do, yes, I think. If it's an area 
your familiar with anyway, and most of the areas 
are, you've always got a pretty good idea before 
you get there of what you will be seeing."
(see 6.2.2. for a discussion of frame-based
representations pertinent to this point.)
This preconception enables the valuer to ascribe a
range of values within which the value of the subject
property would be expected to fall.
This concept of a range of values for a particular
location was developed in the demonstration expert
systems using values assigned by the valuer and by
analysis of his past case records.
It is not clear, however, if location is as
important as the valuer states for its intrinsic
qualities, as it is for its use to the valuer in
enabling him to produce his preconception of the
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subject property based upon location-derived data, for 
example,
VALUER: "Graigwen, that's where most of the 
modern semis are - a few on the common but ..."
AUTHOR: "So you're pulling location back 
into this then...why is that ?"
VALUER: "Well you're talking about a 
certain type of house, I'm trying to 
think where that type of house is. So to 
picture that type of house... I've got to think 
of the area... that's the thing."
9.2.4. Local Valuation Areas
The valuer was able to break down an urban area, with 
which he was familiar, into fairly clear locations. 
Cardiff was reduced to some 49 areas of basically 
homogeneous housing from which the valuer would be 
prepared to draw comparable properties when valuing a 
subject property within those areas.
AUTHOR: "You said you split Cardiff up into 
areas. What is that based on?"
VALUER: "Well geographical, the sort of postal 
areas, also it would tie up with differences in 
value as well as geographical... you know what 
sort of properties you put in that area whereas 
sometimes the boundaries of postal areas aren't 
that clearly defined. I suppose you would have 
your own boundaries which would sort of 
"compartmentalise" the property as well to some 
extent: "That's a good residential area, That's 
not so good". You'd know where to draw the line 
which wouldn't tie up with the postal areas 
possibly quite so much".
AUTHOR: "So if we sat down with a map could you 
do that? Map the areas out?".
VALUER: "Well yes. I think you could do it with 
an area like Cardiff certainly".
On the basis of this it is possible to construct a
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data-base of comparable properties for each area, 
against which subject properties could be 
assessed. This concept was later developed in 
greater detail for the Merthyr area used in the 
second demonstrator, the much smaller area 
involved being divided into some 22 homogeneous 
locations.
The valuer considers that there is commonality between 
valuations within the defined areas. This is not 
necessarily the case however between different areas. 
This relates back to point 9.2.2. above regarding 
valuations in different geographical locations throughout 
the U.K.
9.2.5. Property Types
The valuer assesses different types of property in
different ways:
a. for pre-first-war properties the valuer assesses 
market value by using a range of values, the limits 
of which correspond to the valuer's opinion of the 
market value for a totally unmodernised property and 
to his opinion of the the market value for a property 
which has been fully improved to local authority 
standards. The valuer compares the subject property 
against the scale and its position on the scale 
determines its value;
b. inter-war and immediately post-second-war properties 
are assessed in a similar fashion to old 
properties. Constructional standards are expected to
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be higher. The degree of modernisation and improvement 
are important as in old properties;
c. for new and modern properties the valuer 
usually has a wealth of resale evidence with 
little variation in the different properties 
on an estate. The valuer is, in effect, faced 
with many possible matching pairs for his 
subject property.
AUTHOR: "You've mentioned you have a range 
of property within which you try to grade 
your own to be valued. Do you find that what 
you're looking for is a matched pair - a 
house that is the closest you can get to 
it, rather than say, use some kind of 
crude regression analysis on a number of 
houses and weighing up their different 
values?"
VALUER: "Well yes, but you have to do that 
sometimes as well. You quite often can't get 
an exact match in the range you're looking 
at so you have to get the nearest one and 
try to interpolate. Say, that one was 
twenty-two thousand, look at the various 
advantages your's has got over the one 
you're comparing with and take it from 
there."
From this it would be reasonable to conclude that a 
"matching pair" approach takes priority over a 
regression-based style of valuation. Interpolation 
however from a number of suitable "matches" would be 
reasonable to establish value more accurately for a 
subject property or where no "match" exists.
9.2.6. Loan Security
Properties are not valued at below the agreed sale price 
merely for loan security purposes. The valuer adopts a 
flexible approach when faced with a property which is in
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his opinion overpriced. This flexibility applies 
particularly in areas which are classified as "good" in 
terms of location. A value which appears slightly above 
the valuer's own estimate of market value would 
not therefore necessarily be refused as security unless a 
particular reason could be stated for the 
lower value. The point would be made however, 
that the sale price was considered high in the 
report, but not necessarily in the valuation figure. A 
particular comment in respect of this was:
VALUER: "If you have good security generally you 
tend to go along with it more than if its a run 
of the mill thing that could go wrong".
"Good security" was defined as:
VALUER: "Always going to be a good seller 
possibly irrespective of physical condition."
Again this can be construed as being related heavily to a 
"good" location and a "better class" of property.
9.2.7. Comparable Properties
The valuer keeps a notebook of comparables with him. He
notes:
a. address;
b. floor area (ft. 2 measured externally);
c. tenure;
d. purchase price or loan required;
e. valuation figure;
f. age in groups of "old, mid/war, modern, new";
g. house type;
h. extras such as garage, central heating, state
214
of repair - although the latter has only been noted 
if the property was extremely poor or extremely 
good.
It is however clear that the notebook comparables are used
not only in their own right but also act as a prompt to
memory.






e. state of repair;
f. age.
Comments about location from 9.2.3. above should
be emphasised at this point. Also the fact that
comparable properties contain data about house
type, size, etc.
Age was considered largely unimportant as long as
other factors such as repair were acceptable to
the valuer.
9.2.8. Valuation Accuracy
The valuer, in common with other valuers,
considers himself able to value to within five percent of
the open market value of a property (see 3.6.
above).
AUTHOR: "To what sort of degree would you expect 
to be consistent within your own valuations?"
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VALUER: "What, plus or minus a certain 
percentage is it you want? . . . well on a twenty 
to thirty thousand pound valuation you would 
expect to be within a thousand pounds I 
suppose ..."
AUTHOR: "Across the range of your area?" 
VALUER: "Yes".
AUTHOR: "So about six percent - perhaps a bit 
less. Is that what you would take as a normal 
level across the profession, about five 
percent?."
VALUER: "Something like that I suppose."
9.3. THE FIRST DEMONSTRATION SYSTEM
Based upon the information elicited in this manner, a
broad framework was proposed for the operation of the
i
expert system which, it is considered, imitates the
valuer's working practices sufficiently well to be
considered as a suitable model from which to develop a
demonstration system.
This first demonstrator was built using the SAVOIR shell
alone, and was effectively a compromise, containing
comparable information reduced to a simple numerical form,
based upon a small sample of analysed data.
The system refers to only one of the 49 discrete areas of
property identified by the valuer in Cardiff. It was
considered reasonable to assume that an approach based
upon one valuation area could be extended once proven
suitable.
Time of sale was ignored in this demonstrator, as the
sales data devalued was for a relatively short period of
time under stable market conditions.
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In operation, basic data concerning the following value- 
related variables was elicited from the user for a 
particular subject property as follows: 
a. does the case concern an open market sale, and if so
what figure is to be considered for the loan; 
b. the tenure of the property, and the necessity or
otherwise of buying out the freeholder's interest; 
c. the location; 
d. the house type; 
e. the house size in terms of Reduced Covered Area
(ft. 2 or m2 );
f. the presence and type of garage; 
g. the presence or otherwise of central heating; 
h. the presence of full mains services; 
j. the structural stability of the property; 
k. the state of repair disregarding the structural
stability of the property;
1. the general decorative order of the property. 
Having received basic information regarding house size, 
location and type the system produces a range of values 
based upon the price per square foot for comparable 
properties in the immediate locality. This information 
was gained from the analysis of past cases carried out by 
the valuer over the previous year in the Thornhill area. 
This basic value is then refined with reference to 
devalued trends observed in the comparable properties as 
further information regarding the subject property is 
gained, until a recommendation as to value can be made. It
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should be clear from the above list that this prototype is 
crude and simplistic, dealing as it does with pre-analysed 
data written into the program. The system's valuation 
technique could loosely be compared to a regression-based 
model; a basic value being adjusted by factors gained from 
prior analysis of comparables. The system is therefore 
inflexible and artificial. The analysis of data carried 
out to produce these factors did produce good results over 
a very small sample but related to a very limited area of 
housing, which demonstrated a high degree of homogeneity. 
The system took no account of the address of a subject 
property, and projected value on the "basic house price" 
average for the Thornhill area. A further criticism can 
be made in that the area chosen contained new housing. 
Comparability within an estate and lack of variation in 
property, clearly aid the production of accurate 
valuations by the system. Finally, the system gave the 
user very little control over its operation, no insight 
into its method of operation and would suffer from the 
same "snapshot" problem which besets regression studies 
were time of valuation to be considered.
The demonstrator, however, provided a useful vehicle for 
discussion and knowledge elicitation purposes and defined 
the work required to produce a more realistic second 
demonstrator. It also confirmed that the use of small 
local databases, in the same way as valuers use small 
local databases, may provide a more promising approach to 
the production of valuations than the mass appraisal,
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city-wide database approach used in M.R.A. 
The valuer was generally satisfied with the demonstration 
expert system, but did make several suggestions to improve 
its operation and the presentation of information to the 
user. Once these alterations were made it was decided 
that an evaluation of its accuracy should be made. 
Testing for this system was limited to the very small 
sample of cases not used in building the system's 
knowledge base, and should therefore be treated with 
reservation.
Nine of the thirteen test cases were valued to within five 
percent of the value returned by the valuer and only one 
was outside the ten percent range. A mean average error of 
3.8% was recorded in the sample.
Whilst acknowledging the deficiencies of small sample 
size, it was considered that these results were highly 
encouraging, particularly when the small number of 
variables used in the model are considered (see Appendix 6 
for the results).
Further test cases were then carried out using sales data 
from a local estate agency. As might be expected, when 
valuing with reference to an agreed sale figure rather 
than the figure returned by the valuer (see 3.4., above, 
regarding the "Gold Standard" for testing), this resulted 
in a degradation of performance to only 48% of predicted 
values falling within 10% of the original asking price 
with a mean average error of 9.3%. The cases were however 
considered useful, in order to discuss the properties with
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the valuer and thereby elicit further information which 
could be used to refine the system.
This system was subsequently used for demonstration 
purposes at Bristol Polytechnic, the Science and 
Engineering Research Council (S.E.R.C.) at Didcot, and the 
London offices of Morgan Grenfell Laurie (Chartered 
Surveyors) as well as to Estate Management students and 
visitors from the Council for National Academic Awards 
(C.N.A.A.) degree accreditation panel at The Polytechnic 
of Wales.
9.4. THE SECOND DEMONSTRATION SYSTEM
Based upon the experience gained in the production of the 
first demonstration system, a more extensive software 
system was proposed, linking the valuation system to a 
property database. This demonstrator would emulate more 
fully the valuer's procedures in carrying out his 
valuations, enabling the system to select its own 
comparables according to predefined criteria. 
It was noted from earlier knowledge elicitation and 
development work that two concepts were particularly 
important:
9.4.1. Local Databases
The valuer could establish small localised areas from 
which he drew comparable properties to perform his 
valuation. These could effectively be described as areas 
containing the "best" comparables for a subject property.
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9.4.2. Limited Data
The valuer typically has to make a valuation which is 
supported by quite small amounts of less than perfect 
comparable evidence, a fact of life throughout the 
property world. An ability to produce a valuation by 
computer without massed data would be a major advance upon 
the regression analysis based-systems which have been used 
so far to automate the residential valuation process. 
Reviewing these two points, it is clear that the selection 
of good comparable information on which to base his 
opinion of value is crucial to the satisfactory 
performance of the valuer. A detailed discussion of the 
criteria for comparable selection was held, with reference 
to earlier work regarding the importance of a property's 
physical attributes to the valuer (see 9.2.7.).
9.4.3. The Best-First Search
This discussion established that the selection of 
comparables should be based upon what could be termed a 
"best-first", or "heuristically restricted" search 
strategy.
On the basis of this strategy the following criteria was 
established and agreed with the valuer in December 1987: 
The urban area should be divided into valuation areas 
containing as far as possible housing of similar types, 
ages and qualities. This follows the valuer's technique of 
sub-dividing the urban area, and thus reducing the search 
for possible comparables as far as possible. The 
valuation area can be considered as a location from which
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the valuer is content to draw comparable properties and 
from which those properties are likely to show a high 
degree of comparability - the "best" comparables, in other 
words.
Consequently, a database of properties containing files 
corresponding to those locations was set up based upon 
the limited information held in the valuers notes. This 
resulted in more database files, but each containing fewer 
comparables corresponding to their locations. This 
constrains the search of the database by the expert 
system, expediting its operation and simulating the 
valuer's practice closely. Currently some 22 discrete 
areas are being used in an urban area of approximately 
60,000 population, chosen for the greater availability of 
comparable evidence (see Figure 26).
Once the address and other basic data such as house type 
and age are obtained from the user for a given property, 
the system selects the appropriate file of comparables and 
searches the file using the criteria agreed with the 
valuer as follows:
a. priority of search field is given to street name. 
This will often tightly constrain the search, as 
streets are usually, although not exclusively, built 
as units, and tend therefore to contain similar 
housing. The comparability of houses in the same 
street is therefore usually high;
b. should a "same street" comparable be found, the 




expert system to establish whether it also meets the 
valuer's criteria regarding similar age and type. 
Assuming this is so the data record is held and the 
search continues for further comparables until the 
data-base file has been exhaustively searched on the 
street name field. Any other records conforming to 
the same street, age and type are also held as 
comparables;
c. should the search fail to locate a property in the 
same street, i.e. there is no "same street" comparable 
in the database, the search field is redefined as the 
house type and the database searched again for 
comparables of the same type as the subject property. 
As before, on the location of a similar type house the 
record is read to establish the comparable is also of 
the same age as the subject property. Again the 
search continues until all properties in the database 
have been considered and either selected or rejected;
d. should the subject property be in the database i.e., 
previously valued, the system will display the details 
of the property and valuation as this is likely to be 
the best evidence bearing in mind that the use of a 
comparable is time-dependent;
e. assuming comparables have been found the system 
returns with the database information regarding those 
comparables. Problems were encountered in the expert 
system package's inability to read the database files, 
requiring some restructuring of the datafiles to
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reflect the interface's inability to return figures 
using more than one decimal place of accuracy. TO 
minimise the effect this would have on accuracy 
figures in the database referring to value per unit 
size are expressed in terms of value per square metre 
being converted from the value per square foot figures 
used by the valuer, and converted back as necessary 
when transferred to the SAVOIR package.
Further deficiencies regarding the interface's inability 
to hold and access more than one record at once were 
surmounted by building "arrays" into the SAVOIR system, 
and referring to those arrays once the initial database 
search was complete. These problems largely reflect the 
developing state of expert systems' integration with other 
software, currently seen as the leading edge of research 
and the future of most of the systems built so far. Thus 
the project has in its course so far reflected the 
development of expert systems over the period, beginning 
as a "standalone" system offering advice, and now offering 
advice based on information both from the user and other 
software systems to which it has access.
A simple average value based upon the basic value per 
square metre is then used to define an initial range of 
value for the subject property. This range is then 
manipulated by percentage values, subjectively assigned by 
the valuer, to produce a final valuation figure which 
reflects physical features present in the subject 
property, in a similar fashion to the first system.
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The package as a whole can therefore be considered as a 
piece of integrated software utilising both expert systems 
technology and a conventional data processing package. 
The expert system acts as a "middleman" or "clearing 
house" for data input by the user and collected from the 
database. A further point is that the database can be 
maintained up-to-date in the normal manner without the use 
of the expert system which only accesses the contents when 
carrying out a valuation. There is, therefore, great 
potential for sharing comparable information within and 
between offices on a cost-effective basis, the expert 
system selecting comparables as and when required from the 
database(s) to which it has access.
9.4.4. Exposure to More Valuers
A small sample of cases were run through the system to 
ensure its satisfactory operation and to gain an 
appreciation of its accuracy in terms of the advice 
offered. The results were adjudged sufficient to enable 
the opinions of further valuers to be sought. Three more 
valuers from the collaborating establishment were thus 
involved in the project: Mr K. P. Jenkins (K.P.J.), 
retiring Chief Staff Valuer for the Principality Building 
Society with in excess of 30 years experience; Mr P. Trott 
(P.T.), Chief Staff Valuer Designate with some 12 years 
experience; Mrs J. Langham (J.L.), Staff Valuer to the 
Building Society with 8 years experience.
These valuers were exposed to the system individually 
and its operation explained to them; sample test cases
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were also shown to them and they were asked for their 
comments. Each of the valuers felt the system had 
something to offer them, although each had their own 
opinions as to other features they would like to see in 
included in the system. These reservations and the 
consequent alterations proposed for any future 
demonstration system were as follows:
a. Time of Valuation. The database used by the current 
model relates to one year's data from the subject 
area. Two of the valuers (P.T. and J.L.) suggested 
that inflationary trends should be built into the 
system, to reflect the prevailing market conditions 
over the period 1987 to 1988. It was concluded 
however that a better solution was to use the date of 
valuation as a criterion for selecting the 
comparables. The valuation would therefore be based 
upon comparables from the same time period and would 
thereby avoid the problems of local variations in 
house price inflation, and the artificiality of the 
inflation factor, which is at best out of date, and at 
worst an estimate. The time period itself which 
governs the selection of comparables could be adjusted 
to reflect inflation or stability in house values by 
being shortened or lengthened respectively by the 
user.
Clearly, in a very rapidly rising market the system 
may not be able to support an agreed selling price on 
the comparables held in the database. The prediction
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of values in such times/ it is considered, could be 
built into the system by using inflation factors 
assigned by the user, however a valuation which is 
unsupported by the current evidence available is 
perhaps best left to the human valuer. The mortgage 
valuation expert system must be, and be seen to be, 
logical and defensible in its conclusions in order to 
encourage its use. In the end the question reduces to 
the system producing valuations on the basis of 
evidence, rather than inspite of evidence.
b. Comparables. All the valuers suggested that the number 
of comparables used in the system should be revealed 
to the user. Taking this point further, it was 
concluded that the comparables to be used should be 
displayed to the user once selected, to give the user 
a chance to discard any obviously unsuitable 
properties before the valuation itself took place 
(previously the valuers were happy to see the 
comparables at the end of the consultation session 
along with the advice generated).
c. Leasehold Properties. Facilities currently exist to 
enable the valuation advice to be given subject to a 
requirement to buy out the freehold interest in the 
case of a short lease-term. A facility to calculate 
automatically the amount required to purchase the 
freehold under the Leasehold Reform Act 1967 was 
considered to be of general interest by the valuers, 
particularly in a system used for valuations other
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than mortgage valuations (this interest may reflect 
the comparatively high incidence of leasehold 
properties in South Wales).
d. Repair of Property. In general the valuers were 
satisfied with the treatment of property repair, 
although a possible further category of repair was 
suggested to deal with the maintenance of the 
property, i.e. "has the property been well maintained 
generally". (K.P.J.)
e. Size. One of the valuers (K.P.J.) suggested the use 
of size in selecting comparables. A "true comparable 
would be of similar size". This would involve setting 
up bands of property size, either arbitrarily, i.e. 
800 ft. 2 - 1,000 ft. 2 , or by using the size figure of 
the subject property, for example subject property 
size + or - 10%. This would indicate that this 
valuer, at least, considers that there is not the 
direct relationship between size and value used in the 
current model. This would appear sensible if examples 
of small houses are selected, i.e. "cottage" terraces 
can command significantly higher values per unit size 
than smallish "normal" terraces. The relationship 
also seems to hold true when modern starter homes are 
considered.
f. Valuation Area. It was noted that the valuers would 
each have a different idea of an area from which they 
would draw comparables. A common boundary definition 
should therefore be sought in any future model.
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g. Environmental Factors. One of the valuers (K.P.j.) 
suggested that "environmental factors" should be taken 
into consideration. It was previously thought that 
any such factors would also be reflected in the 
comparables, since they are drawn from such a small 
geographical area. The point should now be considered 
and environmental factors, such as proximity to 
desirable or undesirable features be included in any 
future model.
h. Visual Help. Each of the valuers agreed that some 
graphic of pictorial help would be of assistance. 
This is beyond the scope of the current project, but 
the display of comparables and subject properties as 
points on a screen map would assist in assessing the 
suitability of comparables and the nearness of 
environmental factors to the properties involved in 
the valuation process.
9.4.5. Evaluation of the Second Demonstration System
This system can be considered as something of a hybrid. 
It contains an element of "best-match" in the selection of 
comparables, and some mathematical adjustment of the 
resultant base-value in the light of the physical 
amenities and repair of the subject property, relative to 
the comparables. This, to an extent, supports the idea of 
the "house next door" as the best comparable; however, it 
is possible that a limited regression approach to the 
adjustment factors applied would yield more statistically- 
defensible valuations than the subjective values used.
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This system has been further exposed to the criticism of 
final year Estate Management students at The Polytechnic 
of Wales, lecturing staff in the Department of Estate 
Management and Quantity Surveying, lecturing staff and 
practising property professionals at a meeting of the 
Society of Estate Managers in Education, held at the 
headquarters of the R.I.C.S. and in excess of 60 
practising valuers at an R.I.C.S. local branch meeting. 
Their comments reflected similar concerns to those voiced 
in the more formal evaluation by the multiple valuers 
from the Collaborating Building Society. It is contended 
that the combination of these comments, reinforcing the 
active evaluation carried out with both the lead and 
subsequent Building Society valuers, has formalised the 
future development of a knowledge-based system for 
residential property mortgage valuation.
Of the 150 comparables held in the data base only 78 were 
suitable for use as test cases, i.e. in some locations the 
only comparable available was the subject property. Any 
attempt to use these properties would produce misleadingly 
good results and they were therefore not included. Of the 
78 test cases, 62.8% were within 10% of the value returned 
by the lead valuer, with a mean average error of 10.09%. 
Whilst disappointing when compared to the high accuracy 
achieved in the first test of the first system, it is 
considered that the facility to discard obviously 
unsuitable comparables, along with the features suggested 
by the exposure to other valuers above could increase this
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figure significantly.
Further, this accuracy from what is essentially a "first 
pass" at the valuation problem from a knowledge-based 
approach, using a demonstration system designed from the 
outset only to illustrate aspects of the valuation 
process, has produced results as statistically correct as 
some of the regression studies noted in 1.2. above.
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This Chapter reviews the work undertaken during the study, 
outlines its contribution to both mortgage valuation 
particularly and property valuation generally and 
suggests further research projects including more 
fundamental analysis of the valuation process.
10.2. SUMMARY
The project assesses a novel approach to the computer- 
assisted residential valuation problem, and thus forces an 
examination of the comparative method as applied to 
mortgage valuations. The knowledge-based approach 
developed is contrasted with previous regression analysis 
studies, and an argument for the inclusion of 
behaviouralism in valuation systems proposed. The 
methodology developed, and partially demonstrated in the 
prototypes, indicates that a system reproducing elements 
of the expertise of practising valuers should be able to 
provide advice at a sufficient level of accuracy to bring 
about its practical introduction.
The review of existing valuation literature indicated no 
knowledge-based work at the commencement of the project, 
despite the rapid growth of the approach in other fields, 
some of which are closely related to the valuation 
profession. Many of these projects are now leaving the
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research environment and entering the commercial arena for 
further development.
Existing knowledge-based systems literature reveals an 
industry which has, in many cases, outstripped the 
capacity of researchers in the field to provide solutions 
to questions of fundamental importance, in particular, 
there is no agreed definition for the generic group of 
software systems loosely called "expert systems". 
Additionally, the field examines and aims to reproduce a 
poorly understood concept - human expertise - using tools 
which are in themselves sub-optimal.
A second problem yet to be resolved by researchers in the 
expert systems field is the conclusive validation of a 
system which is based upon heuristic knowledge. The 
reliance upon a representation of human expertise 
necessitates an acceptance that experts, and therefore 
expert systems, can fail. No criterion has yet been 
established against which to measure the performance of 
such a system.
It is argued that evaluation should be both "static" and 
"active", i.e. the simple accuracy of the system as 
measured by comparison with the advice offered by the 
expert it emulates, often called the "Gold Standard", and 
by the exposure of its methodology to acknowledged experts 
in the field for their critical appraisal. 
The study accepts the deficiencies in the current theory 
of the knowledge-based methodology and puts forward a 
suitable approach for the development of a prototype
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valuation system.
The following advantages of the approach, when compared
with previous regression studies, are stressed:
a. the anthropomorphic nature of a knowledge-based system
and the consequent improvement in the comprehension of
the system's operation; 
b. the flexibility and adaptability of a system built in
such a modular fashion; 
c. the user-friendliness of the resultant system, in
particular the ability to question the user at a level
of expertise commensurate with the user's knowledge,
amplify questions as required and produce explanations
to support the resultant advice; 
d. the ability to use uncertain and incomplete
information to produce advice based upon logical
inference around the known facts with "intelligent"
estimates of the unknown; 
e. the ability to ask only necessary and relevant
questions, i.e. the "right" questions, and thus to
arrive at a solution by the most direct route
possible; 
f. the ability to select comparable data from an
appropriate time period, thus avoiding the need to
produce artificial inflation factors with which to
adjust comparables.
The approach developed demonstrates the feasibility of the 
knowledge-based methodology for residential property 
mortgage valuation.
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Whilst the prototype developed is considered to be purely 
a demonstration of the technology, it has been evaluated 
by these dual standards and is considered to demonstrate 
sufficient accuracy to be developed more fully. Currently 
the Estates Department of Cardiff City Council is to 
develop an expert system for council house sales, drawing 
upon the experience gained from the mortgage valuation 
project. This work should provide a commercially-oriented 
system capable of development for daily use. 
It is contended that explanation facilities in the current 
generation of expert systems are equally inadequate 
despite the fact that such facilities are often quoted as 
a major advantage of this type of software. 
In the mortgage valuation domain the generation of useful 
advice for valuers is clearly limited. The domain is not 
as such diagnostic since valuers appear to rely heavily 
upon the powers of recall and synthesis to relate previous 
cases to new scenarios. Often this ability involves the 
mental "picturing" of the past case to facilitate the 
comparison process.
It is proposed that explanation facilities describing a 
set of steps in the process of valuation would be of 
limited utility therefore, except perhaps to discuss the 
operations to be reproduced during development of the 
system. A more developed demonstrator could display a 
digest of comparable evidence, as requested by the 
valuers, to act as "explanations". 
The current level of understanding of the nature of human
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expertise is low, partially because of the underdeveloped 
nature of knowledge elicitation techniques. These 
techniques as applied to knowledge-based systems are ad 
hoc and lacking in formalised methodology. A variety of 
techniques are available and attempts are being made both 
to rationalise the process, hence making it more 
efficient, and to automate it. The thesis reviews the 
available techniques and develops a composite methodology 
revolving around a central core, combining structured 
interviews held with the expert valuer and the criticism 
of the evolving model of expertise. Techniques involving 
example valuation cases, concealed information, laddering 
and ranking of variables were introduced at various stages 
to supplement the process. The demonstration system 
produced in this fashion then under went a further phase 
of knowledge elicitation, being exposed to the formal 
evaluation of other practising mortgage valuers, and the 
informal criticism of valuation students, lecturers and 
other practising valuers on a number of occasions. 
It was noted above that valuers appear to rely heavily 
upon the powers of recall and synthesis. The prototype 
evolved demonstrates these concepts using a matching 
technique for comparables (recall) and a simple adjustment 
of the resultant value in the light of the subject's 
features (synthesis).
It is contended that the methodology produced exhibits 
"expertness" rather than true expertise, in common with 
most current expert systems. Clearly, more research could
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establish a more sophisticated methodology.
A further major area of research in knowledge-based
systems is the representation of knowledge and, in
particular, uncertain knowledge.
These topics are unlikely to be resolved conclusively in
favour of a single representation, each of the methods
used has inherent advantages and disadvantages.
A number of the available representational techniques are
reviewed and their suitability discussed in the context of
the mortgage valuation application.
The thesis considers the nature of uncertain information
in the mortgage valuation domain and the representational
techniques possible for that uncertainty, each of which
can be considered non-optimal. Each has advantages, but
all are compromised by the contradiction inherent in
representing intangibles within a tangible descriptive
framework.
The probabilistic-based methods of inexact reasoning,
used in much of the available software, typically exhibit
serious deficiencies of statistical inference. For this
reason the use of redundancy is often preferred in expert
systems. It is argued further that the probabilistic forms
of uncertainty are not present in the mortgage valuation
domain, redundancy has therefore been exploited in the
demonstration systems.
It is contended that valuation knowledge can be divorced
from the data to which it is applied when producing
valuations. The prototype demonstrates this concept by
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using small local databases of comparable properties in a 
similar manner to human valuers. It is argued that the use 
of these small/ discrete, geographically-constrained 
databases is a more logical approach to producing 
residential valuations than the typically city-wide 
databases used in previous regression studies. The 
databases produced in this manner contain a smaller 
variety of properties than the city-wide databases and 
therefore the comparables used exhibit greater similarity 
to a given subject property. Location as a major influence 
in the valuation process is thus implicit in the 
comparables selected. The demonstration system accords 
importance to the concept of the "house next door" as the 
best comparable. Only after the street containing the 
subject property has been searched does the system expand 
the search to other properties in the same small locality.
10.3. CONCLUSION
In conclusion the knowledge-based approach to residential 
property valuation contends that human valuers are adept 
at interpreting the imperfect property market in order to 
produce property valuations. This ability can therefore 
be examined, made explicit and reproduced to provide a 
computer model of comparative valuation expertise. 
The comparative method of valuation underpins all 
valuation techniques and yet is ill-defined, poorly- 
understood and under-researched. Research at this 
fundamental level, i.e. just how valuers value, will have 
implications for the profession, forcing the re-appraisal
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of standards of expertise expected from a competent 
practitioner/ and the currently inadequate methods by 
which valuers are taught to value residential property. 
The approach necessarily makes use of the evolving 
theories relating to both expert systems and the nature 
and elicitation of human expertise, applying both to the 
valuation domain for the first time. The segregation of 
data from procedure in the methodology developed means 
that the valuation model is no longer time-dependent. A 
system based on this methodology can select data from a 
suitable period for use as comparables, rather than 
relying upon an explicit inflation rate which may not be 
applicable in a given locality over a particular period of 
time.
Thus the methodology closely follows the valuers' 
procedure of restricting comparable data to the "best 
comparables", i.e. those exhibiting similarity in type, 
locality and date variables.
This restriction in comparable selection also enables the 
system to act with few and imperfect comparables and still 
produce a solution. Whilst the derived model of valuation 
procedure can be considered to contain no "deep 
knowledge", it does contains a number of advances over the 
previous computer-assisted valuation studies, i.e. the 
expert system's heightened anthropomorphic qualities, the 
ability to use uncertain information and the separation 
of data from procedure. The methodology also delineates 
future work necessary to develop the approach more fully
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in the mortgage valuation domain.
This future work involves more extensive knowledge 
acquisition with particular emphasis on the criteria for 
defining "good comparables" and the manipulation of those 
comparables relative to their physical variability. 
It is arguable whether the values are best heuristically- 
assigned by the valuer or statistically-derived from 
sample data. Both topics, or a comparison of the two 
approaches, are obvious future research projects, 
particularly when it is considered that the greatest 
weakness of the current system is the simple averaging and 
manipulation of the comparables once selected. 
Additionally some weighting could be attached to a clear 
"best comparable" which would then be used singly to value 
the subject property, supported by other comparables. The 
continuation of this line of research will provide an 
insight into the true nature of the basis of all property 
valuation techniques, the comparative method. 
The production of a more explicit model dealing with 
valuers' treatments of properties in varying states of 
repair is also considered to be of importance and worthy 
of research. Development of a frame-based representation 
of valuation knowledge, rather than the production rules 
used, could also produce a system which emulates the 
recall abilities of valuers more closely.
In the context of the work of the general practise valuer 
there are several areas of valuation expertise which could 
be considered separately, for example, valuations for
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compulsory purchase compensation, valuations for rating 
purposes, development appraisal, valuation of freehold and 
leasehold properties, valuations of rent review and lease 
renewals, valuations for insurance and mortgage purposes. 
Many of these areas overlap and require the valuer to 
display a depth and breadth of knowledge uncommon in other 
disciplines. Whilst accepting that this is possible, in 
many cases it is unrealistic. It is contended that expert 
system shells programmed with the requisite knowledge 
could be used to supply this specialist advice to the 
general practise valuer.
Domains exhibiting a more explicit valuation process than 
that found in the mortgage valuation domain are especially 
suited to this approach, for example, statutory 
valuations such as, rating, compulsory purchase 
compensation, valuations under the Landlord and Tenant 
Acts and council house sales. Research projects 
investigating these domains could lead to highly effective 
systems being rapidly introduced to professional 
practises.
The knowledge-based approach is also being applied to 
legislation in other professions. There is no reason why 
this cannot be carried out within the valuation profession 
and effective, automated advice-giving systems produced 
relating to such topics as rent review legislation or the 
Use Classes Order.
The thesis therefore, whilst applied to a specific 
valuation problem can be considered to represent the
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introduction of the knowledge-based methodology to the 
valuation domain as a whole.
Currently the integration of knowledge-based and 
conventional data-processing software is in its infancy. 
The second demonstration system produced reflects this 
fact but it is contended that further research work and 
larger scale testing could produce a system suitable for 
wider adoption.
The demonstration system illustrates aspects of the 
methodology developed and exhibits an acceptable degree of 
accuracy when its limited nature is considered. 
Development along the lines suggested by the work carried 
out with the multiple valuers would produce a more 
interactive and comprehensive system. In particular the 
selection of comparables could be improved by refining the 
search from its current location-priority search to a 
street by street approach. A small system, written using 
a propriety database package, and operating such a search 
was recently adopted by the Estates Department of Cardiff 
City Council. This program was developed by a final year 
student in the Polytechnic of Wales, Department of 
Mathematics and Computing Science after detailed 
consultation with the author.
The second prototype system is still some way from being 
anything other than a demonstration package. It 
nevertheless demonstrates the applicability of the 
approach. 
In conclusion, the thesis develops basic research in
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applying knowledge-based techniques to a poorly-understood 
domain of expertise which relies heavily upon implicit 
skills developed through experience. An original 
methodology is put forward with which to make these 
implicit skills explicit, and a limited model of 
expertise constructed.
The project has developed a wholly original approach to 
the computer-assisted valuation of residential property, 
providing a framework of fundamental ideas upon which 
future valuation research can be built, and which is 
itself capable of further development.
The results of this further development should be a 
growing awareness of the potential of expert systems in 
the valuation profession and an increasing willingness on 




INTERVIEW NO.l - HTH FEBRUARY 1986 
VALUER: PRANK AMESBUR7 (P.A.)
I.S. As this is the first interview I'm going to explain 
more thoroughly what we're going to do. The purpose 
of this project is to construct a model of your 
expertise. Hopefully with which we can then value 
property. I gave you some notes to look at? ....
F.A. Oh yes, I haven't looked at much of it I must admit.
I.S. Is there anything that comes to mind from that, that 
you'd like me to clear up?
F.A. It was very general, wasn't it? I thought it would 
be better to have another word with you first before 
doing anything specific about that.
I.S. O.K. as I said the prime aim is to construct a model 
of your expertise, from that it would be hoped that 
we could construct a more formal basis for the 
comparative method of valuation which as you will be 
aware is a bit thin on the ground.
F.A. Yes.
I.S. Just as background, how long have you been doing 
building society valuations?
F.A. Almost 20 years now, since about 1968.
I.S. Have you had experience in other areas or did you go 
straight into that?
F-A. I went into general private practise first of all. 
Compulsory Purchase, valuations, and mainly
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residential work. I joined the Building Society in 
1975, eleven years ago, so I've been working 
exclusively for the building society for eleven 
years.
I.S. O.K. I have here a definition of the comparative 
method, a textbook definition:
"One method of deciding the value of a property is 
to compare it with similar properties for which 
transactions have already taken place. This 
procedure is widely adopted in practice but requires 
the keeping of adequate records of transactions. 
Professional offices should record all the details 
of property dealings with which they are involved, 
so that this information is available for future 
reference, valuers should keep up to date with the 
property market by reading technical and 
professional journals". [Richmond 1975]
I.S. And that is as far as most textbook definitions go
in defining the method which is one of the reasons
we're not happy with it. What is your opinion of
that as a definition of what you do. 
F.A. Yes, pretty broadly thats it really. Keeping
records is the important thing.
I.S. So the comparative element is the sum total of it. 
F.A. Its the most important part certainly. 
I.S. Is there anything you would comment on that would
you criticise it? Is it a fair representation of
your work? 
F.A. Pause. 
I.S. Well how would you phrase it for yourself, if you
we're going to put it into your own words? How
would you describe what you do? 
F.A. Well you're talking about the end product, not the
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actual inspection here are you, just what is it you 
do really when you've .... got all the .... yes ....
I.S. What do you do when you're valuing property? is 
that an adequate representation of that?
F.A. Yes, very broadly that is what you do after you're 
been through the years and the process people see 
you doing more of .... actually carrying out the 
visual inspection, well this is the first part, 
obviously you're got to work out the area of the 
property make notes on its general condition and 
state of repair, and er ....
I.S. So you would say that inspection is as fundamental 
as the actual comparison.
F.A. Yes, the inspection is what the general public see 
you doing really and that really is what you're 
doing afterwards, when you've go together all the 
information you can get, which is obviously limited. 
In our sort of work you have to do a lot of calls in 
1 day, so there's not a tremendous amount .... you 
can't spend a tremendous amount of time on each 
call, there's only certain basis things .... and ...
I.S. So what basic factors would you be looking for?
F.A. Generally the state of repair, size of the property, 
size of the grounds, appearance, and .... the 
appearance of surrounding properties, type of 
locality, whether its a good residential area, 
indifferent, obviously you do take into account 
surrounding houses, and how they have been looked
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after as well ....
I.S. Do you find you have in your own mind a 
classification of area?
F.A. Well you do, yes, some building societies, or used 
to, I don't know if they still do now, do have 
specific gradings for types of property depending on 
the type of house and the type of area; Grade 1, 2, 
3 and 4. You don't tend to go specifically like 
that, but you do have in your own mind whether its 
.... class one would be sort of good property in a 
good area, then a good property in an indifferent 
area, I think if its a good area it doesn't matter 
so much about the, type of, the state of repair of 
the house you're looking at. Obviously if is a .... 
I think you're got a better security if its a good 
.... a poor property in a good area rather than 
vice-versa, a good property in a poor area. I 
suppose recently over the last ten years areas which 
were poor have improved a lot. You find that you 
can't be too hard and fast in your classification of 
things like the locality, because you're getting to 
the point now, of course its stopped now a lot - 
lack of funds but, over the last ten years there 
have been a lot of improvement area schemes, housing 
action areas. General improvement areas, which have 
turned areas which previously weren't popular into 
more popular areas. This is the sort of thing that 
is changing all the time.
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I.S. So your location is probably the prime thing you 
would be looking for ....
F.A. Yes, it's very important location, I think ....
I.S. Do you find then because of the location you have a 
preconception of what you would be expecting when 
you get there?
F.A. You do yes, I think, what you're given first of all 
is just the address of the property and the purchase 
price basically amongst other details, tenure, that 
sort of thing. I think you've always got, if it's 
an area you're very familiar with anyway, and most 
of the areas are, you've always got a pretty good 
idea before you get there of what you would be 
seeing when you get there. If its something 
different ....
I.S. Is that based purely on the location? Or the 
location and the purchase price? ....
F.A. Location and the purchase price really yes. I think 
if .... you know roughly what a certain, what a good 
property will fetch there, and if you see the price 
is different you say, well, there's got to be 
something wrong here, and either the property is in 
very poor condition, or its not what I'm thinking it 
is, its not the run of the mill thing for the area. 
But you do I think have a very good idea, in a lot 
of cases of what you're seeing when you arrive.
I.S. So do you feel a lot of the time your valuation is 
merely a confirmation of a price rather than an
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actual valuation?
F.A. You mean .... confirming that the price is right, 
rather than .... well I suppose you always know when 
you're going there what price is being paid, so I 
suppose to some extent .... but then you go back to 
what is a valuation. This is the thing. A 
valuation is only the sort of, is really the price 
that a certain type of property is likely to fetch 
at a given time isn't it? On the market ....
I.S. So to an extent you feel you are confirming a value 
rather than setting a value.
F.A. Yes, you're interpreting the market rather than 
creating the market certainly ....
I.S. Do you find that intrinsic to mortgage valuations 
rather than valuations in general?
F.A. Well mortgage valuations are slightly different in 
that you do have a figure to start with but you 
don't always. More and more these days where people 
are raising money for improving the property and 
.... O.K. so people are buying .... Tenants are 
buying, that sort of thing where the figure you're 
given obviously doesn't relate to the full open 
market value of the property; so I think possibly 
more and more now you are getting this sort of 
mortgage valuation. I was only saying today that in 
a batch of about 4 calls, 3 of them are for people 
who are either extending an existing mortgage or 
taking out a mortgage to do improvements and that
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sort of thing. There you are .... you don't have a 
figure to go on of what the price is.
I.S. So in that situation, location would become a more 
heavily weighted variable than perhaps the mortgage 
valuation figure you would have previously.
F.A. Yes .... Yes ....
I.S. So when you turn up you have already got the price 
in most cases.
F.A. Yes in a lot of cases.
I.S. The price has been agreed, yes?
F.A. Yes.
I.S. So do you find you actually do the valuation with 
that price in the back of your mind or do you do it 
without and then look at the price later.
F.A. No, normally you know the price, its probably 
unfortunate that you do .... Although there are 
cases when I do get a property and you know the 
address, you haven't looked at the form for the last 
couple of hours and you can't quite think what the 
price is, you do say to yourself this should be 
round about such and such a mark when you check the 
price. But as I say, as a normal rule I don't do it 
that way, I normally have the price in my mind when 
I'm looking at it.
I.S. Your own area - thats what I'm interested in how you 
work through Cardiff.
F.A. Cardiff yes, Newport and the general valleys area.
I.S. So quite a large area.
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F.A. It is yes.
I.S. Do you think there's any particular size of an area 
which you would need to cover to be considered an 
expert? I'm trying to get down to a situation where 
in a small area you might be very expert, and over a 
wider expert you might be less expert.
F.A. A sort of optimum area? .... Yes ....
I.S. Or do you feel you're proficient over that size 
area?
F.A. Well not always there are times when you feel very 
vulnerable. Yes. I think, the trouble is with this 
particular area, the South Wales valleys you get 
such a lot of fluctuation. You're got little cul- 
de-sac valleys where prices can really drop to rock 
bottom, and then you're got other areas where you 
can get very high prices; and there's not a very 
long distance apart. I think it depends on the type 
of area you're talking about. Its difficult to 
generalise. In some parts of the country it might 
be a lot more uniform. You might find over a wider 
area the prices tend to stay the same more than they 
do over South Wales really.
I.S. Do you feel that would influence the area you feel 
proficient in. The size of area?
F.A. Yes it would really. Its difficult when you haven't 
really worked in other area. Although I have done a 
bit in Bristol from time to time, and I think you 
find that area prices do tend to stay much more on
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the same sort of level, you don't get such wild 
fluctuation in that area as you do in here There are 
such strange features about South Wales really which 
aren't repeated in other parts of the country, i.s. 
So what you're saying is that there is commonalty 
between valuations in an area.
P.A. Yes.
I.S. But perhaps not between areas even though the 
method you should be using to derive the valuation 
would be the same.
p.A. Yes.
I.S. So the difference there would be not a question of 
the way you are doing the valuation, but a question 
of prevailing conditions.
F.A. Yes.
I.S. So given a similar amount of information for the 
areas which you wouldn't normally work in you would 
expect to be able to derive an acceptable valuation.
F.A. You should be able to, yes, given certain basic 
information.
I.S. What I'm driving at is that its not an experiential 
thing. Your valuation experience is intrinsic, if 
you like, and you can move that around with 
different data. Would you say that was 
acceptable?
F.A. yes I think it is. It's one of those unfortunate 
things with this type of job you do have great 
difficulty in...if your looking for another job, you
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do have great difficulty in moving from one part of 
the country to another. This is the problem I think 
people tend to think that you're going to be expert 
in a certain area. Whether you draw the conclusion 
from that that they don't think you're going to be 
able to adapt your knowledge to another area I don't 
know. But you do find if you're looking for, 
particularly in Building Society valuations one of 
the things in the little job advertisements is that 
knowledge of such and such an area would be, some 
people say essential, some say desirable, you know, 
the usual type of phraseology.
I.S. So what do you think of that, do you consider that a 
fair point, irrelevant...
F.A. Well, obviously someone with local knowledge will be 
able to walk straight in and know what he's doing 
the same day, sort of thing. Where as far as 
someone who doesn't know the area has got to take a 
few weeks looking round and checking comparables. 
Trying to work out the feel of the market in a given 
area. So he's not going to be able to...but I would 
think if he's been doing that sort of job for a 
time, had a lot of experience, it wouldn't take a 
very long time to get the feel of a market in a 
given area.
I.S. And you would expect that time to be less than say, 
for a student valuer coming into a given area?
F.A. I suppose yes really, it should be. You ought to
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have a little more confidence in things I suppose I 
would think it would be a little less. I'm just 
trying to think back as to what it was like when I 
first started straight from college. I think it did 
take larger, but it was lack of confidence in really 
what you were doing. I suppose you might be able to 
do it but not feel sure in yourself that you're 
actually correct/ like any other job I suppose.
I.S. So over a small, well fairly small area you would 
expect to be consistent within your own valuations?
F.A. Yes I would 1 say so.
I.S. To what sort of degree?
F.A. What, plus or minus a certain percentage is it you 
want?
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F.A. Well on a £20-30,000 valuation you ought to be 
within a thousand pounds I suppose of the....
I.S. Across the range of your area?
F.A. Yes
I.S. So about six per cent - a bit less....
F.A. Yes something like that I suppose.
I.S. And that is what you would take as, if you like a 
normal level across the profession, about 5-6%?
F.A. Something like that I suppose.
I.S. To go back to the new student situation. Would you 
expect them to have a similar level of accuracy, 
simply not backed up with the confidence to proclaim 
that value?
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F.A. Well I should think within a fairly short time, I 
should think certainly...yes...assuming....
I.S. Assuming they were a competent student?
F.A. That's right, a competent student, and presumably 
they again would have access to the firms records 
anyway so they could if they studied everything I 
suppose they'd soon be able to pick it up.
I.S. Assuming then that your student was diligent and had 
some kind of a check list of what they were looking 
for they would be able to derive an acceptable 
valuation?
F.A. I would think so yes.
I.S. Do you have such a check list even if its a mental 
check list.
F.A. .... Well I suppose you do .... its always so 
difficult when you do the same thing day in day out 
how to really crystallise your thoughts. What 
exactly it is your doing ....
I.S. O.K. well can you take me through your general 
approach when you turn up at a property? Can you 
talk me through that?
F.A. Basically first of all you look through each room, 
you do check for .... if its an old house first of 
all the important thing is how well modernised is 
it, one of the things you do think about is it 
improved to local authority standard, or has 
somebody been messing around at a bit of do it 
yourself work. This sort of thing can make a very
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big difference. I think this is the first thing on 
an old house, find out exactly what the state of 
repair is, try and find out as far as you can, 
exactly what sort of work has gone into the 
improvement of it. Of course if its a totally 
unmodernised property you know where you are then. 
You know exactly whats go to be done and you're got 
a pretty good idea of the cost of putting it right 
is, so then you're got a price range with the older 
type of property from the fully modernised to local 
authority grant standard and well maintained, that 
sort of thing right down to the totally unmodernised 
one, and knowing what the top . .. there' s a range 
really for the top and the bottom of the market and 
you try and fit any individual terraced property 
into that range I think, depending on exactly what 
the standard of modernisation is. There does tend 
to be a little bit more to think about with an older 
property. With the modern property there's much 
less room for fluctuation. They tend to be much of a 
muchness because you're get large estates with a 
wealth of resale evidence normally because this is 
the sort of area where people will come in, stay a 
few years and more out, so there's lots of resale 
evidence there although there are some variations 
some are extended, and this type of thing. On the 
whole people don't tend to have done a lot to them 
because they are what they want when they move in
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and they suit them for a few years, then they sell 
and move on f buy something bigger. So that's from 
the very modern to the very old, and then the in 
between houses they of course do fluctuate a lot, 
although not possibly to the same extent as the very 
old properties. Here again, take a mid war type of 
house, on the whole the standard of construction is 
quite good so its a question of the type of 
modernisation the type of improvement thats been 
carried out, and er ....
I.S. The standard of finishes is quite a major factor 
then?
F.A. I think it is, yes. And there again the type of 
locality comes in more .... as an area matures you 
get the clear idea; again with the mid war and older 
houses you're got a pretty good idea of what the 
area if like because they're long - old established, 
you do have difficulties, more difficulties there on 
the more modern, new estates you're to try and 
envisage what its going to look like when its fully 
modernised.
I.S. You're mentioned you have a range of property within 
which you try to grade your own to be valued do you 
find what your looking for is a matched pair? A 
house that is the closest you can get to it?
F.A. Yes I suppose so really ....
I.S. So you would do that rather than say, use some kind 
of crude regression analysis on a number of houses,
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weighing up their different values?
F.A. Well yes, you have to do that sometimes as well 
really. You quite often can't get an exact match in 
the range you're looking at so you have to get the 
nearest one and try and interpolate, say that one 
was £22,000, look at the various advantages and 
disadvantages yours has got over the one you're 
comparing with and you take it from there.
I.S. Do you find you would actually attribute values to 
those features?
F.A. Which features?
I.S. The different features between property.
F.A. Well yes, you would have a rule of thumb, to say 
what sort of figure was reasonable, I mean if a 
property has got an extension on or whatever, a 
rough idea as to what that would add to the value of 
premises which was just the basic house.
I.S. So it would be value related variable rather than a 
cost related variable?
F.A. Yes value certainly rather than cost, you know that 
cost; you don't always get the money back on the 
cost of improvements anyway so, yes you can spend 
about £10,000 on an extension which only adds about 
three to the value this sort of thing. Its 
definitely got to be value related.
I.S. You are valuing for mortgage purposes with a figure 
in the back of your mind which you're already been 
given. Do you find that because of the special
259
circumstances of your valuation, that you are down 
valuing to an extent?
F.A. You don't normally tend to down value if the house 
is in good condition, just because you think the 
price might be a little bit out you tend to down 
value more I think if the condition is poor. You 
like to have a specific reason for down valuing 
rather than doing it just because you think it may 
be £500-1,000 too high if the house itself is very 
good. There again it goes back to the type of 
locality and the standard of the house really. If 
its a very good residential area you would tend to 
be less inclined to down value I think than if there 
were ... if there were a few things wrong which 
could accumulate more possibly in a poorer area.
I.S. So again you're coming back to location.
F.A. Yes thats right. You wouldn't want to down value if 
someone wanted a 95% mortgage on a house and you 
could see potential there, you might feel maybe he's 
paying a bit over the odds but, it is a good house 
in a good area, they don't come on the market that 
often so possibly there's some justification for it. 
I think if you're got a pretty good security 
generally then you tend to go along with it more 
than you would if it was a run of the mill type of 
thing which could go wrong.
I.S. You mentioned if you're got a 'generally good 
security' what do you mean by that? Can you
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clarify it for me?
F.A. Well, something which is always going to be a good 
seller, possibly irrespective of its condition. You 
get some areas, if a house goes rough, goes bad, 
then people are going to shy away from it. Whereas 
you get other areas where no matter how bad a 
property is someone will come along and, at the 
correct price will think "Oh I'll take that on, its 
got plenty of potential and we can make something of 
it". Because you're got areas that even if you get 
a property in possession which is .... some areas no 
matter how bad it is you know its not going to be on 
the market long. Someone will come along and pick 
it up. Whereas some other area to know if the 
property has gone bad then it will go very bad and 
you're going to lose money at the end of the day so 
I think ....
I.S. So location could be the deciding factor even if the 
house is a risk?
F.A. Yes, even if the house is a ruin you would be able 
to sell it in the worst possible circumstances 
whereas there are some areas where this isn't the 
case.
I.S. So coming back to what you're said so far it seems 
to me that the prime influences of your valuation so 
far are the location, the price that you were given 
to start with and the condition of the property. 
Would that be a fair summation?
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F.A. Yes I suppose so, yes.
I.S. In that case I'll leave it at that.
262
INTERVIEW NO.2 - 13TH MARCH 1986 
VALUER: FRANK AMESBDRY (F.A.)
I.S. Just to recap the first interview, the important 
things you pulled out were; keeping records, you 
mentioned that the comparative method was probably 
the most important part of the valuation for a 
property, the area of a property, it's general 
condition, and the state of repair. YOU also 
mentioned that when you start a valuation you get 
the address, the price that has been paid, so that 
you have some pre-conception of what to expect when 
you get there.
F.A. Yes. I suppose I'd better qualify that by saying it 
doesn't happen very much these days because we're 
getting so many remortgages and refinancing for 
various things rather than straight sales. More and 
more you're having to think up your own valuation 
because you're no guide at all.
I.S. For old properties you suggested that you would have 
a scale from a very good property to a totally 
unimproved and you would try to slot your property 
into that scale.
F.A. Yes.
I.S. And for new properties you'd be looking for 
something like a matching pair, on a new estate 
where possible.
F.A. Yes.
I.S. Going back to that then. When you go to a property,
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you know the location, do you have comparables with 
you?
F.A. Well I keep a sort of index system, a rough thing in 
the car. I list every property down with a number 
beside it, stating each separate year, number 1. on 
the 1st January, going through to the end of the 
year. And just an index book under places. Cardiff 
is divided into about ten different areas 
obviously... ...and then all the different towns and
villages through the valleys where I normally go. 
And I just keep them listed separately, with the 
numbers underneath the heading of the town and I do 
keep that in the car with me...
I. S. So you can refer to that.. .
F.A. Yes you go along and you think "Oh I was here" and 
you think back roughly to what sort of time of the 
year you were there, and its quite easy to get at. 
Easier when they do talk about doing it on the 
computer, the trouble is you've got to get back to 
the office to do it on the computer. It's a damn 
sight easier to keep this rough and ready record in 
the car with you.
I.S. Is that just a list of addresses?
F.A. List of addresses, yes, I put the floor area down 
the tenure of the property, the floor area and the 
purchase price if applicable, and the valuation, and 
just a general observation, normally whether its got 
central heating, whether its got a garage, or any
264
significant point, just a little comment at the end 
for general remarks. its normally just 
hieroglyphics which I understand to give me an idea 
if there was anything exceptional about the property 
which you should put down.
I.S. You said you split Cardiff up into about ten areas 
what is that based on?
F.A. Well geographical, the sort of general postal areas, 
also well... it would tie up with differences in 
value as well as geographical, because you do tend 
to get divisions in the areas. Well, you know what 
sort of properties you put in that area whereas 
sometimes the boundaries of postal areas aren't that 
clearly defined I suppose you would have your own 
boundaries which would sort of compartmentalise the 
property as well to some extent. That' s a good 
residential area, that's not so good. You'd know 
where to draw the line which wouldn't tie up with 
the Postal areas possible quite so much.
I.S. So if we sat down with a map could you do that, map 
the areas out?
F.A. Well yes I think you could with an area like Cardiff 
certainly.
I.S. What roughly or could you pretty well draw the 
streets in?
F.A. Yes you pretty well could if you've been working in 
an area for a number of years. Yes you would know 
the streets pretty well.
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I.S. So do you grade the areas as well? YOU mentioned 
previously that Building Societies used to grade 
areas.
F.A. Yes, well. .. .again it's a sort of unofficial 
grading/ something that you know yourself sort of 
thing...what were you thinking of exactly? 
Different lending policies for different areas?
I.S. No not really.....
F.A. Sorry. Well I suppose we only influence lending 
policy in so much as we put a figure on the 
property....
I.S. Well do you have a given number of what you might 
call locality types - you mentioned previously you 
could have say, a 1:1 - a good property in a good 
location...
F.A. It would be very helpful if the Building Society did 
do that sort of thing. When I was valuing for the 
Nationwide Building Society I don't know if they do 
it now they did have a classification of properties 
1-4. 1 was very good - should sell readily under 
any circumstances, 2 not quite so good, 3 sort of 
partially modernised, 4 totally unimproved. It 
would be a great deal of help sometimes if they did 
do something like that because you'd be able to say 
specifically what percentage advance should on such 
and such a property, how its left...I always feel 
its been left a bit open ended on reports. Its 
difficult to say precisely without telling other
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people exactly what they should do which they object 
to sometimes.
But I think yourself you do compartmentalise these 
in your own mind as to whether its a good risk or 
not and possibly do adjust your valuation figure, or 
if you do particularly want to make a point, I mean 
you do say you should only give a certain percentage 
advance on this given property because if something 
does go wrong it will go a lot worse here than it 
would in another area.
I.S. Is the range of locations pretty well infinite - you 
would put it anywhere on a range of locations - or 
do you have set sort of groups of areas. One could 
be inner city terraced, another normal suburban 
residential, another a very good location. Do you 
group them that specifically?
P.A. Within a band really, it can't be as precise as that 
really I suppose, things do alter quite a bit too. 
In the older inner city areas you do get the 
situation if there is a loss of improvement, 
recently where they've had the housing action areas, 
and these various envelope schemes improving whole 
areas, they have improved so much that you can apply 
different criteria to an area, because it can come 
up so much and improve you can't be too hard and 
fast really....
I.S. So you might end up with a range like this (Presents 
diagram 1), this being your poorest location and so
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on? 
F.A. Yes. I think so as long as there is overlap,
there's got to be that sort of flexibility really. 
I.S. So you feel given that situation you could slot it
somewhere in one of those ranges? 
F.A. Oh yes I should think so given sufficient
flexibility. 
I.S. And do you tend to do that? I mean this is one way
you could do it do you tend to say its in such a
location therefore its going to be between say £5000
and £15,00. Do you have an idea....? 
F.A. Yes you do really. You do have a 'Top book value'
for a given area really. 
I.S. So if I said to you you're go a house in Pontypridd
regardless of where it is in Pontypridd you might
already have something in mind a rough idea of what
the property might be?
F.A. Yes. A standard house in Pontypridd given.... 
I.S. And then what? If I said Pontypridd - the Common or
the Graig you could narrow it down a bit further, so
you might end up with a situation like this?
(Presents diagram 2) 
F.A. Yes. I think you could yes. 
I.S. So you have a top and bottom for Pontypridd,
narrowing to an area, and for a street you would
narrow again?
F.A. Yes, I think you could, yes. 
I.S. And from that you would have a fairly tight top and
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bottom of what you would expect.
F.A. Yes, I think that's fair to say, yes.
I.S. On the basis of that then if I give you these cards 
could you put them in some kind of an order as to 
their importance.
F.A. As their importance....yes let's see, state of 
repair has got to come pretty high I should think, 
and then house type, state of repair, and location, 
would location come before state of repair, yes it's 
always difficult to be precise on these things, 
location possibly, state of repair, house type, 
house size, state of repair, house age and the sale 
price....pause....1 suppose sale price would come 
quite high really if not, its sale prices and other 
sale prices to just the sale price we're talking 
about, what you know the market is fetching in a 
given area.....
I.S. So you go location, comparable evidence, house type, 
size, state of repair, and house age.....
P.A. Which is really relatively unimportant it just I 
suppose if the other factors are...I mean if its 150 
years old and its in excellent repair it doesn't 
make so much difference really.
I.S. If we then start at location. If I give you a 
location of a property, say Pontypridd would you be 
prepared to sit there and say yes I can give you a 
top and a bottom value.
F.A. Yes, I should think you could within reason.
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Obviously there's one off houses in any area but 
talking about the general run of the mill houses yes 
you should be able to.. .
I.S. OK, we'll try it. I've got a number of different 
ones here...
F.A. All in Pontypridd?
I.S. Yes, so as a rough guide what would you give me as 
top and bottom for Pontypridd town.
F.A. Pontypridd I suppose. .. .basic undermodernised thing 
up on the Graig I suppose you could be as low as 
£7000 - 8,000 but that would be pretty awful I think 
in this day and age but it's possible I suppose you 
might pick up something completely unmodernised in 
the Graig for that sort of sum it would need 
probably £10,000 spent on it. That would be rock 
bottom I suppose. Top for a normal terraced house I 
suppose or what?
I.S. Well I'm not going to tell you that.
F.A. Oh no, top what for any type of house? Er...well I 
suppose a good detached house or the Common you 
could be talking about £40-50,000 that sort of 
thing...
I.S. OK, if I ask you what sort of information do you 
want next to be able to narrow down I've given you 
the location like that how would you then work down 
from that?
F.A. Well you'd want.....
I.S. if you're allowed to choose one item from these
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(the cards). 
P.A. Which was the next most important thing? Er...house
type and size I suppose... 
I.S. OK, serai-detached, do you want size in feet or
metres? 1100 ft2 .
o 
F.A. Semidetached. 1100 f t . . . .
I.S. So does that narrow it down for you, can you give me
a top and a bottom on that? 
F.A. Yes, I suppose I could really. Semi-detached house
in Pontypridd. I'm just trying to think of where
they're in, you're just talking about Pontypridd
town not Llantwit Fadre..... 
I.S. No, just the town..... 
F.A. Graigwen really that's where most of the modern
semis are - a few on the Common but.... 
I.S. So you're pulling location back into this
then....why is that? 
F.A. Well you're talking about a certain type of house,
I'm trying to think where that type of house is,
this is the thing so.... to picture that type of
house in Pontypridd I've got to think of the area
they're in really, that's the thing. So what do you
want a top and a bottom for that? 
I.S. Well you've given me a top and a bottom for
Pontypridd and now I've given you semi-detached and
about 1100 ft2 . 
F.A. It should be about £25-30,000 that type of
range....1100 ft2 that's quite a good size.
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I.S. So which would you be looking for next?
F .A. House type and size we've done really, haven't we?
I.S. Yes - of those two which would you say is the most 
important, would you stick by the listing you've 
given their type and size?
P.A. Difficult it's the sort of thing you ask 
simultaneously really this is the thing - "what type 
of house and how big is it" sort of thing. And of 
course by getting the size you can get a picture of 
what sort of accommodation it has as well really so 
I should still think house type would come 
fractionally in front of size because it really does 
help to know whether its a modern or an old 
house....you can sort of pick your standard house 
and you know roughly by the standard house what size 
it is likely to be unless its exceptional so you 
could put your own size onto the average thing so I 
think the type would come top in that.... so....
I.S. So far you've got Pontypridd house, semi-detached 
and 1100 ft2 .
F.A. Again I suppose state of repair, and house age, then 
again if you know the house type and size you're a 
rough idea of its age, this is the thing....
I.S. So you're working through those and deducing from 
those...
F.A. Yes, by getting one sort of information you can 
picture, if you know the town well enough, what the 
other features are...
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j.S. Which is what you've already done with type and 
Graigwen, you've narrowed it to Graigwen.....
F.A. That's right, because that's the area where most of 
that type of houses are in Pontypridd. it's the 
most recently developed area of Pontypridd. The old 
established areas are nearly all old property 
obviously.....
I.S. So what would you be looking for next?....
F.A. I suppose. .. .yes state of repair would come next and 
state of modernisation. Is it fully improved, 
partially improved, or not improved at all?
I.S. Well from the details it is in very good repair.
F.A. Yes, yes, well they tend to....one that's in very 
good repair would obviously - should obviously be to 
the upper end of the price range I suppose, ought to 
be getting on for £30,000 I should have thought.....
I.S. OK, so would you want to know anything else, 
ignoring the cards what else would you want to know. 
You're coming to the top end of £30,000 at the 
minute....
F.A. Yes, semi-detached house well I suppose you would 
want to know the location really. ....
I.S. It's Graigwen.
F.A. It is Graigwen right and I suppose from the size you 
can deduce the number of bedrooms I suppose what 
would that come under....1 suppose...•
I.S. How would you take the size would you prefer numbers 
of bedrooms or what...
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F.A. Size is better really because then you can work out 
from the size roughly how many bedrooms it's likely 
to have again. It's a sort of a...
I.S. What, if it's a 'four bedroomed' house it could be 
three and a bit in reality.
F.A. Oh yes, there's a difference between 3 and 4 it does 
sort of go over a bit a... you can't be too precise 
really.•.but er...
I.S. So would you like that next, the number of 
bedrooms... ?
F.A. Yes.
I.S. It's 3 bedrooms?
F.A. It is 3 bedroom, and its got central heating and 
garage that type of thing, probably it would have 
central heating it's fairly standard these days.....
I.S. Yes it has full central heating and an attached 
garage.
F.A. Well I suppose we need to know the address really.
F.A. Yes I know Ridgeway Close. I haven't done a 
valuation there for many years..but.....
I.S. How would you classify that as a street? Within 
Graigwen even....
F.A. Quite a good one I would have thought. I know they 
had problems there when it was first built with 
subsidence.....the bottom ones started slipping down 
the mountain I think, but that problem was overcome 
many years ago now, so I would say it's quite good 
now. It's a very steep road that's the only thing
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about it, if I remember you go into Mayfield Road 
and then it drops very sharply into the town 
but....just about a dozen houses there I think 
something like that.....
I.S. So would that alter the value, would you change your 
opinion.
F.A. Not necessarily/ it's not quite as good as Mayfield 
Road at the top but mainly because the street is 
such a steep one if I'm remembering everything 
correctly, so that's going to make some difference I 
think but not a tremendous amount of difference.
I.S. So you'd still be sticking around the £30,000 mark.
F.A. Yes, I would think so yes.
I.S. So is there anything else you would like to know 
making the point that this is theoretical and you 
can't go and look at it. What else would you want 
to know before you said yes I'll give you a figure 
or a range of a couple of thousand pounds.
F.A. Well we've had most of the things now haven't we the 
only other thing you want to do is see it for 
yourself, but from here we've had most of the 
information, background information you would need 
really. The age you haven't said specifically but I 
know when they were built anyway, it's modern around 
1970, so really you know now your talking about a 
fairly good size modern semi and where it is...
I.S. In a fairly good location...so given these factors 
if someone rang you up and said I want a valuation
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over the phone, and you were prepared to give it
without seeing the property that would be enough for
you to say within a small range. 
F.A. Roughly within a band obviously without seeing
property you can only give a very rough idea of what
it might be fetching... 
I.S. Given that information what would be the figure you
would give in that situation? 
F.A. What a sort of band you mean...well I suppose
£28,000-£31,000 something like that....what way
off?... 
I.S. Well obviously its very hit and miss (£34,950) we'll
try another. Again I'll give you Pontypridd so
we'll go back to your original figures of £8,000
bottom up to about £50,000 wasn't it? 
F.A. Yes, that's right. 
I.S. So what do you want to know next? 
F.A. So what do we start with first, age and type of
house I suppose? Well type of house will tell me
the age possibly, so type and size of house. 
I.S. Semi-detached house, just short of 900 sq.ft. 
F.A. Modern is it? 
I.S. No modernised. 
P.A. Modernised semi-detached? 
I.S. Well modernised. 
P.A. 900 sq.ft. if it's modernised we probably need to
know the location. 
I.S. OK, it's in the Graig.
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F.A. In the Graig Ah! so there are modernised semi­ 
detached houses in the Graig, . . .what sort of 
repair...I'd really need a more precise address I 
should think, for that one....
I.S. O.K. Danycoedcae Road.
F.A. It's right at the top. So it's old I take it?
I.S. Er double fronted semi-detached it doesn't mention 
the age.
F.A. Doesn't mention the age....if it's Danycoedcae Road 
its got to be...yes... 900 ft 2 area and it's 
modernised does it say how well modernised?
I.S. It says well modernised.
F.A. Just well modernised, not to Local Authority grant 
standard.
I.S. So you would prefer more detail on the standard of 
modernisation with it being an old house.
F.A. I suppose you would really with it being an old 
house ideally you would want to know a bit more bout 
how well it's been modernised. It doesn't say what 
sort of roof its got whether its been renewed or 
not..?
I.S. It mentions nothing about the roof.
F.A. Nothing about the roof. Then its.....Danycoedcae 
Road is I believe it's about the top one on the 
Graig and there are couple of double fronted, you 
did say double fronted didn't you?
I.S. Spacious double fronted - I didn't say it no
F.A. No, there are a couple like that I think. So you'd
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really need to know a little bit 
more about... because estate agents use the words 
'well modernised' for anything virtually. I mean 
there would be a tremendous range of what is well 
modernised. It could be they're stored a shower in 
the back of the kitchen in some cases.. .but.. .it 
depends on the agents.
I.S. So you'd like more detail on that OK I can't give 
you that so what else would you like next.
F.A. Will state of repair they wouldn't tell you much 
again would they. They'd just say it was well 
modernised and from that you make the assumption 
that it was in quite good repair s well. It gives 
the impression its been looked after so...and the 
age we sort of worked out. . . .well we've virtually 
got everything down there now, its just a question 
of needing to know....
I.S. Know what?
F.A. Needing to know how good it is inside which you 
can't tell me, that's the only thing that's 
missing....
I.S. Well from the details it's quite good, fitted 
kitchen sounds well looked after.
F.A. Yes, yes, then again another little problem you get 
up there is what sort of backs they've got. They're 
up into th mountain you could have a high retaining 
wall at the back.
I.S. So can you give me a range of figures?
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F.A. I would have thought £18,000-2,2000 in that range.
I.S. And this would fit somewhere in there.
F.A. I would have thought it would fit somewhere in 
there.
I.S. And you wouldn't push any nearer than that?
F.A. Not on a house of this type there are too many 
variables which you could have on an older house 
like that.
I.S. So far we've suggested that you could have a 
situation narrowing down the value from a general to 
a specific location, and you'd be able to give me a 
range of values on each which again you could make 
more specific from the type and then down to the 
state of repair. Once you got to that stage how far 
would you expect to be from your final valuation 
given that you're not allowed to go and look at it?
F.A. That's right well you should be within a couple of 
£1,000 sort of thing.
I.S. A couple of thousand is what 30,000 or....
F.A. Yes, I should have thought so.
I.S. OK, that will do thank you.
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HOTBS TAKEN DURING INTERVIEW 3 - 5TH MARCH 1987 
VALUER: FRANK AMESBURT (F.A.)
1. Method of treating time of sale, especially with 
reference to inflation in house prices. F.A. tends 
to use comparables for a year, which seems 
reasonable to adopt as the criteria for selecting 
comparable data. As well as type, size, 
specification etc. the date of valuation would be 
used as a key field in assessing whether a 
comparable is to be used.
2. On a typical valuation, F.A. uses only his own 
valuation cases as comparable evidence if possible. 
If he is working in an unusual area, i.e. one he 
doesn't work very often he will consult for comps.
3. Typically F.A. may use about 3 comparable cases - 
often less are available.
4. As far as F.A. is aware, only the "Norwoods" are 
dormer styles; the apparent difference in value on 
some cases from the independent estate agent tested 
may therefore be due to inflation rather than 
building style.
5. Because of the restrictions on data and the need to 
use local databases it is clear that like is not 
being compared like with like when testing using 
independent estate agent's information, they are 
more up to date, and refer to sale cases. 
Unfortunately F.A. doesn't have enough cases in 
Cardiff to both build a database and check it
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without overlapping building and test data. 
The conclusion to be drawn from this is that more 
data must be produced/found for similar time 
periods. However, in order to assess accuracy with 
respect to the "lead" valuer this simply isn't 
available. Either value must be assessed with 
respect to other valuers, or very little test data 
from F.A. will be available in the Cardiff area. 
An alternative would be to use data from another 
area.




F.A. suggests a correlation between semi and
detached houses to be used if as comparable data
available. For an average semi and an average
detached house this would be in the region of
£5,000.
7. F.A. believes he can assess size by reference to 
number of bedrooms in the absence of actual figures. 
Comparison would be based on near-substitute 
properties, preferably of similar size and style.
8. 25 Camelot Way has storage heaters. Generally these 
are not treated as present for mortgage security 
purposes as they can be easily removed. Exceptions 
would be in "Medallion" style houses where they are 
fixed and an integral part of the high energy saving
281
style.
9. Freehold/Leasehold. F.A. is not usually asked to 
work out the cost of buying out a lease.
10. Similarly with services. When not full, i.e. 
septic tank, these properties are usually one-offs, 
comparable evidence is scarce and the inconvenience 
is usually reflected in the sale price. A global 
sum would reflect the service's absence therefore, 
if comparables were available to deduct this global 
sum from.
11. "147 Comben homes" is detached not semi-detached. 
Its seemingly low value could be due to three 
reasons:
1. poor plot below road level and therefore 
overlooked;
2. last of a phase, builder wanted to clear-up his 
things;
3. the development was mixed semis and detached 
which tends to reduce the detached values rather 
than raise the semis.
12. "55 Shadow Wood" also seems low. F.A. suggests the 
builders were late on site when compared to other 
builders and perhaps needed to establish a place in 
the market. In a case like this a few houses could 
be offered at "low" prices to get things rolling.
13. There are three bands of housing within Thornhill 
which will need to be segregated in order to draw 
useful comparisons. This may be done by age.
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14. F.A. is doing a lot of work in Merthyr which could 
be useful for an area of old mixed housing which is 
now considered necessary in the investigation. Pen- 
y-Darren was suggested.
Much more data must be found, a newspaper "cull" is one 
possibility to get data for Thornhill and Rhiwbina. It is 
admittedly poor data/ but it is an alternative which may 
help to substantiate the project and give it "credibility" 
in terms of sampling. The only other alternative may be to 
switch location, perhaps to Merthyr.
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INTERVIEW No.4 - 20TH APRIL 1987 
VALUERS FRANK AHESBURY (P.A.)
I.S. OK Frank, it we can just start by drawing on the 
smaller areas you mentioned last time. The areas 
within the areas if you like? if we can have a go 
at that. It might be easier if you actually drawn 
them, rather than you tell me where to draw.
F.A. Yes that's right, your first big area was east. A 
great big chunk there Rhumney, Llanrhumney, 
Trowbridge, St. Mellons. The first thing I said was 
that St. Mellons is two vastly different places, I 
think clearly, because you've got, that where the 
hypermarket is, because its all pretty new stuff 
down here, yes you've got Hazelwood. All this here 
is, new St. Mellons, where's it start now? That's 
the private part of new St. Mellons. It' still 
developing, it's one of these places that has a ten 
year development program sort of thing. So if I do 
a line, there's not a lot of houses, but I think its 
all earmarked for development, so that is all modern 
housing. Mainly small stuff, some bigger stuff, but 
as I say, mainly small, aimed at the first time 
buyer type of area. Has a totally different market, 
than this area here which is old St. Mellons which 
until this lot crept up on it was a very pleasant 
village location just on the edge of Cardiff, and 
now everyone, if you talk of St. Mellons now, I
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don't think people even think of the old part where 
values are very high really but they tend to think 
of this new develoment area down there. So really 
there's a totally different set of criteria for 
property on one side, it's divided by the main 
Newport Road which makes it a bit easier, so north 
of that is what was always thought of as St. 
Mellons, and apart from a few little isolated areas 
of old property there, it is all mainly a great big 
chunk of new property there. Then again you've got, 
Trowbridge, yes. That area by there and right 
across round there. Yes, it's mainly local 
authority ah...you get a few pockets of private 
development in there where the prices are 
quite.... they reflect to a great extent that it is 
an area of mainly local authority housing and 
they're down again. But of course added to that 
you've got people buying council houses which is 
bringing a different type of property onto the 
market again, so in some areas resales have hardly 
started so you can't really interpret the market too 
well. In most of Cardiff where they've been selling 
for quite some years local authority houses there 
you have got an established market now on resale 
from them. Then of course you've got this part of 
Rhumney which is mainly private housing and so it 
all fits in fairly much of a category, yes 
everything north of there and south of there that
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little pear shaped area there is all the private end 
of Rhumney/ so...is that the 4th one now?
I.S. Yes I'll just keep putting numbers on them, then I 
can note them up on the tape later.
F.A. Yes. .Ah.. .and really north of the main road is sort 
of two areas as well. You've a small area of 
private housing there...A lot of flats down there 
and some more traditional stuff...and this is the 
local authority part of Llanrumney but again there's 
a lot of houses in private ownership and there's a 
pretty established private market in the local 
authority area. But that makes a bit more sense of 
that eastern bit.
So now we've got into...right so really you've got 
Llanever and Pentwyn, we've already got that as one 
area. Glynros.. .yes I don't know if there's any 
real value in sub-dividing that area. There are 
private areas and council areas which are now part- 
council part-private. But they are all still 
interspersed with each other. You can't 
really...there isn't really a defined part that is 
private. ... .and so it's best to keep Pentwyn, 
following this line there, they've all much of a 
muchness there. But I suppose there Llanever Road 
and Oakwood that's a different area there which they 
call....yes that area does actually come under 
Cyncoed rather than Llanever. And...but as regards 
property prices it's sort of between the two. The
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residents of the established part of Cyncoed, which 
the residents think is the prime area in Cardiff, 
don't consider that part as being part of their area 
sort of thing, so when you get to Cyncoed proper 
that is there....Now should I include Lakeside and 
Cyncoed altogether? Because there again you've got 
this side, yes perhaps we ought to keep the Lakeside 
area, slightly separate anyway. Penylan, you've got 
this area Cyncoed Road that goes around there and 
goes back around there almost. It's very difficult 
to split it up. What we have is, on Cyncoed Road, 
is an area of old established housing: mainly big 
detached property; some semis, but this is really 
the top end of the market. The Jewish quarter of 
the town really and that goes, yes.....all those 
areas more or less,....and if you go right around 
there coming up. Not so much there because that's a 
new estate, about 25 years old, modern estate where 
it is slightly different so that lines probably not 
in the right place but you can see what I mean, 
you've got Cyncoed Road, Cyncoed Road and all those 
roads up there are really the old established part, 
so, but this bit here what they call Lakeside is a 
much later addition about 25 years old. They are 
traditional, mainly semis, some detached good 
traditional estate... but then it's slightly 
different... then below that we've got, ah...Penylan 
Maryfort... Ladymary... moreorless that can come in
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one area there the lower part there as the Penylan 
area, do we want this lot in? Well it takes in all 
this lot there as well I think down as far as 
the.....yes that's all the industrial area down 
there at the bottom of the Newport Road, so that is 
all moreorless an area.
I suppose we better go down really...right. I 
should think possibly again I've done that one bit 
too far north it ought to come down 
moreorless... all that area of housing there so if 
you cross out all that line and include that area 
there, that's all Penylan there it's much better 
quality than down there so...Yes looking at south of 
Albany Road and...that's one large area... that has 
now become for the purposes of politics become part 
of the Plasnewydd Ward which is part of Roath really 
it's not a lot different to that over there 
really...but I suppose it does form a more 
convenient way of breaking it down so we could have 
that part...is Roath, well Plasnewydd end of Roath. 
So that's fairly convenient then, these roads, yes, 
again you've got down to there as you get towards 
the Roath Park area. I think you'll find that 
valued generally a little higher there than down 
possible this end. Hang on I've probably got that 
in the wrong place, probably should have...Cathays 
Terrace.... really all this area round to Column Road 
would form the other point so that's moreorless...
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yes that's right so that's another area that part of 
Cathays there.
I.S. What about this little bit?
F.A. Er...Elliot Street, Richard Street, Woodland 
Road...Yes I suppose you could put that area down 
there, have to..'cause you're almost in the city 
centre there...(indistinct)...just that little chunk 
there.
I.S. which just leaves Adamsdown...
F.A. Adamsdown yes we're going down Adamsdown, Splott and 
Tremorfa...so.. . it's not a lot different to what we 
did previously really there... no I think we've 
virtually split those up before. We've got 
Tremorf a. Did we have Tremor fa separate, because 
Tremorfa...
I.S. You ran into Roath previously...
F.A. Yes, because Tremorfa is, enters Splott really. 
Tremorfa is separate in that Tremorfa are former 
council houses much of which are now privately 
owned. It's a different type of property really 
altogether. Sort of 1920's 1950's style council 
houses. Pretty grim looking area but it seems to be 
quite popular and...so if we keep that separate from 
Splott really because they're the more traditional 
terraced housing there so... and Splott should we 
split up Splott... I don't think you can really, 
there are...that little area down there the houses 
tend to be of better quality but having said that
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you do get houses of good quality in some of the 
other areas. This area has improved a bit I suppose 
we'd better keep Splott that area there. This 
better go into Adamsdown this little chunk there. 
These are very small "cottagey" type houses which 
would be better taken into there so it's really 
Tremorfa, Splott and Adamsdown as three areas, three 
separate areas there.
So now we've...have we got all these up here? We 
haven't done Heath separately.
I.S. Well that's on the next sheet do you want to do 
anything with this area here?
F.A. Well that's Grangetown and Docks and er...it's an 
area I don't know very well the Docks it's an area 
we don't get very much down there. That's all 
central there anyway so. You've got this little are 
round here now where there's a lot of bedsit type, 1 
bedroom flats but a very high quality. They do get 
good prices for now. It's a sort of a new 
residential area which has sprung up with the 
conversion of old buildings and the building of some 
newer ones. That's because a sort of upmarket 
central area really.
Butetown, well there are mainly flats now the former 
Butetown area. Just a few terraced houses round the 
bottom, Winter Street, Palmroy Street which does 
come as a separate little chunk. And the Docks 
really that's about...the only really area of
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private housing of any significance is...i'Ve never 
heard of any of these local authority flats going 
into private ownership in the Old Butetown area so I 
think its not something we have much to deal with. 
Having St...no, I think they're mostly industrial or 
local authority housing that sort of thing so you 
can forget that. Just that sort of area there then 
Grangetown..er..This bottom area of Grangetown again 
I suppose is a little bit separate because you've 
got quite a few mid war semi's around there which 
are quite popular on the old Cambridge Street. 
There's mainly just that very bottom bit there which 
is more modern. And the rest can really be put into 
one area. Just that area there and the rest of 
Grangetown really the whole of Grangetown up to the 
railway there is all much the same.
Yes we've got the older part of Heath that's, which 
is distinctly separate to that are down there. 
Generally a much better quality of house. And so I 
think yes we can't really include that side because 
that's Mynachty over there so coming round there and 
really, yes I suppose in line with Eastern Avenue 
there. That's an area of mainly terraced housing. 
Much, generally much better quality than lower down. 
Mynachty and Gabalfa, Western Avenue comes down 
there, that's right you've just got that little 
area...yes.. .that goes out as far as Llandaff North 
almost reaches...again former local authority
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housing but a lot of private housing now. So I 
think we can go along there to....there's a little 
area off North Road - I'm not quite sure whether 
that's been redeveloped or not, there's a lot of 
redevelopment, they've pulled down a lot of old 
houses down just off North Road and put new flats, I 
think in their place. So we better leave that 
better make it a separate area because if it's not 
been redeveloped it's probably in the process of...
I.S. OK, if we just put Mynachty and Gabalfa as number 
19.
F.A. That's right as I said as far as North Road goes 
there's houses there that are not very...being right 
on the main road I suppose they fall...they form 
another separate category. But it's getting a bit 
too complicated to take out one individual road 
because it's a busy road sort of thing. But anyway 
Mynachty and where are these... Western 
Drive... almost Llandaff north and right around 
there, I think now that's Llandaff north there more 
there I suppose. All that whole chunk there that's 
Gabalfa anyway that's the area that's mid-war 
council housing basically so...better put this area 
of Heath...King George V....yes going up there in 
line with the main railway, going up there yes I 
think you could include Maesycoed Road just round 
there, and up there...yes that's pretty fair area 
to lump together they're mainly good quality mid-war
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semi's.
Then Birch Grove... really this area 
is running like that, is separate really...I think 
these are all, yes, that's Rhiwbina there, so 
Birchgrove is 21 and then you come into Rhiwbina 
really which goes, I'm not sure where it becomes 
more modern I suppose you can, but its moreorless 
somewhere around there. you find that that's sort 
of mid-war Rhiwbina. And then the top part broadly 
speaking is a lot more modern housing up there 
that's right so if we take that bit right up to the 
crematorium that's different parts of Rhiwbina there 
really. And we've got...
I.S. Thornhi11, Li svane.
F.A. Yes, that's right well there's Pall Mall? There as 
well which again is a separate part of Rhiwbina 
really. I think we'll put that in. Ah, its just 
that estate really there. So it's just Llanishen 
really... down to...that's right we'll put that in 
Lake Road North that all covers under, or should all 
come under the Roath Park area. Don't know if I 
have really. But if you take that lower part there 
as again Lakeside but an older part of Lakeside than 
that side of the Lake so that could be another area 
there Keswick, Grassmere, Windamere. And then 
you've got the....the private part really over there 
that part of Llanishen and the local authority 
houses are on the left really. So that's really two
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parts of Llanishen. That's the former local 
authority estate.
I.S. This side? 25 is local authority and 26 is....
F.A. 26 is private yes.. .er.. .and that takes you then 
until you run into either Lisvane or Thornhill 
which....Lisvane is again starting from the top 
of... finishing at that area. And Thornhill which 
is rapidly growing, growing all the time, which will 
virtually run into Lisvane eventually in fact the 
latest development they've announced is right up 
there nearly touching Lisvane so you're going to 
have that area just hiding in that section of the 
map. I think that's what they intend to do. That's 
most of...
I.S. So it's just the west side now, and the south?
F.A. Yes, we'd got as far as Birch Grove hadn't we so 
really we've got Whitchurch that's right I suppose 
really... it's a bit of a fixed area Whitchurch so 
there's not a lot of point subdividing it into one 
road of one lot and one of another, so if we just 
take that boundary round.
I.S. If we call that 30 since I'm not sure what we're up 
to.
F.A. Yes you could start subdividing roads off but it's 
not as if it's clearly cut. You've got, West land 
Road is these have all gone now, yes, even over here 
there's some local authority housing, you get 
reasonable private housing stuck in, mixed up with
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them so it' s not as though you can say its... it is 
sort of one area value wise. Radyr well...
I.S. Is it worth splitting?
F.A. Not really no you've got the Main Road where the 
houses are older than the more modern stuff up 
there, but I think it's complete as one area. 31 
over then? Now there comes the complicated bit down 
there so many different sorts of housing in... so 
Llandaff north again is a separate entity which 
borders... what's that Gabalfa, there and... I 
think these are pretty good quality here... and 
that's Danescourt there that's another area, so I 
think Llandaff north is mainly that little wedge 
there south of Whitchurch really, so that's... it 
goes over there as well, so its not really with the 
road its sort of that block there either side of 
that road, Station Road, that's right. 
Then what have we got down here. This is Llandaff 
proper here... Fairwater Grove, that's right, but 
you have to be careful, its a question of splitting 
Llandaff from Fairwater down there, I think we've 
got it, Bishops Walk is definitely Llandaff. The 
line goes up there, I suppose ... I suppose 
moreorless round there I think. And what have we 
got this side? Palace Avenue, all the old village of 
Llandaff that's a separate thing I don't know if we 
need to take that out that's right... that's 
moreorless the area of Llandaff. Very high
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prices... it comes round there and then you've 
got...below there you've got Victoria Park, so 
er...that area there, perhaps Llandaff ought to go 
slightly down and then Victoria Park is just that 
chunk there if we just move that to just south of 
that road rather than on it. And... that's 
Llandaff. Then Victoria Park moreorless just the 
rest of that area there down as far as Cowbridge 
Road and then you've got Canton and...North Canton 
yes, which goes right across to Cathedral Road 
really yes, that's moreorless a fair chunk there 
and...er...then Canton South down to the Railway 
really yes that's right but not including Riverside 
which is a bit of a problem area.
I.S. In what respect?
F.A. Well there's some pretty poor housing stock in 
Riverside. Big immigrant population. Having said 
that through they are doing a few envelope schemes 
to try and improve it now and lift it up a bit, but 
that's why you've got to really keep Riverside. I 
mean this road here - Ninian Park Road they've done 
quite a bit of redevelopment work along here it used 
to be the worst road in Cardiff. I used to think it 
was awful whenever we had a football team it was on 
the route from the station to the ground, and any 
visitors - what sort of impression they'd get 
walking along that road there...was pretty grim. 
Yes, that's right so we've got south Canton there,
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Riverside there and this is just a separate little 
part they call Leckwith there which comes over...so 
there's three areas really there you can say one 
south of the main road coming up to the city centre. 
So do you want to number them?
I.S. 37, well North Canton, South Canton 38, Riverside 
39, Leckwith 40.
F.A. And then we've just left with we've still got 
Fairwater really, there's old Fairwater this side. 
Mainly south of the main, the St. Pagans, Road 
there. The older part of Fairwater and...it does 
stretch just a little bit higher Fairwater Grove 
area there. Most of this stuff here is postwar 
local authority housing so....that's a private 
development there, but....yes so pick that area out 
and I think. ... .Fairwood Road yes its really a 
question of splitting off Pentrebane really, if you 
come down that road there split off that whole area 
there which is separate. Which is 1, 2 
and....Generally speaking there's new housing up 
there, they keep complicating things by putting new 
estates which tend to complicate things by 
straddling the actual boundaries and give you 
different area. You've got that area there which 
again is private housing and then that area there 
which is a lot of former locak authority housing I 
think, so it can go into 3 or 4 different areas I 
think just round there.
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So there's Pentrebane 42, then....that's just mainly 
private, Fairwater private housing there 41, then 
that is mainly local authority housing but a 
different type of local authority housing than on 
that side of the road, this is known as the 
Fairwater local authority as opposed to Pentrebane 
local authority, 45, then up hear this is 
Danescourt, the area round there because there's 
quite a bit of new development going on around there 
no, so if you take all this as one chunk, that's 
sort of the modern extension to Cardiff which has 
taken place over the last 10 years.
Which leaves that chunk here. Ely is all...yes all 
that area is one large estate really with just a bit 
of private housing on that far end. I think it can 
moreorless be taken as one chunk north of the main 
road. And this is what they call Cairau which again 
is a lot of local authority but more modern stuff. 
We have got one little area of private housing round 
there which you might like to keep that separate 
there. Aintree Drive, new Wimpey Houses, yes that's 
private, so that's 45, 46 there, they're mainly for 
local authority except, there's a few private houses 
along Cowbridge Road but you don't worry too much 
about them, it's only just...about that little area 
there and up from there up it's nearly all local 
authority fronting on the main road. And then 
you're down into Cairau which, you've got a little
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area there of private housing and they are trying to 
improve the very far end new.
I.S. So it's by Culverhouse Cross it gets a bit better.
F.A. Yes, that's right so I suppose you could put that 
there and include all that lot there so that's what 
you call Culverhouse Cross or Michaelstone-Super Ely 
so that might, that far end you can sort of split 
off now. There's a huge estate being developed, 
probably not on here yet, just north of there that 
chunk round there which....so if we keep these two 
together and any proposed future development keep 
that at 47. The people up there would not be too 
happy about being lumped in possibly down there but 
you've got to have....it is the sort of are that 
they're trying to improve the far end of modern 
housing as opposed to the great mass of Cairau.
I.S. I've got a couple of questions now which shouldn't 
take long. Most of them following on from last 
week. You mentioned that you tend to value in good 
repair and then deduct the cost of the repairs.
F.A. Yes.
I.S. Is that what you actually do to come to your market 
value or is that what you do and then specify the 
work as a retention?
F.A. Yes...it depends on I suppose the amount of work 
needed. If it's a lot of work you do tend to give 
to a "better improved" value and take of an amount 
for essential repairs. That doesn't necessarily
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mean you've come to a market value at the end, it's 
more a figure of...for basing a mortgage advance on. 
So you base the advance on the higher figure and 
deduct the repairs. So you've got a guess figure 
which is what you consider the market value will be 
when the work is done but it doesn't necessarily tie 
up with the figure - because that's just a straight 
arithmetical process figure based on the gross 
figure, which gives you that figure for the purposes 
of lending, but not necessarily what I suppose what 
you would get for that house on the market. Like if 
there's someone buying it who can do the work 
cheaper would pay a bit more for it depending on 
what sort of purchaser was around looking for 
something. It varies depending on the circumstances 
of the purchaser.
If its only a small amount of work involved a few 
hundred pounds, then you don't want to mess up 
everything but you want to draw the Society's 
attention to the fact that something will need 
doing, sometimes you've got a figure of a purchase 
price and you just add on a couple of hundred pounds 
and take it off sort of thing. If it's say £19,500 
as a purchase price and it needs say a DPC but 
otherwise is in generally good order you might put 
it in at £20,000 and knock off 500 to come back to a 
value of £19,500 again for the purposes of lending. 
You're just drawing the attention to the fact that
300
it is necessary but you don't really want to make a 
big song and dance about it because apart from that 
it seems a pretty good proposition. So these 
figures are sometimes not truly related to market 
value but just a way of justifying a loan.
I.S. You also said you kept comparables in the car sort 
of address, floor area, tenure....
F.A. Yes.
I.S. What do you do with tenure? Presumably you assume 
freehold and deduct? I know Wales is a bit odd 
because there's a lot of leasehold stuff around.
F.A. Yes they're not building so much leasehold now, it 
was a thing.... over the last 10 years it has gone 
out with the new buildings but I think with....if 
the lease has got so, over 50 years left to run it 
doesn't make such a tremednous difference we're 
talking about a few hondred pounds which in the 
light of present day values is a pretty 
insignificant amount, less than £500 its not worth 
worrying about really. If a lease is shorter...if a 
lease....one of the rules of lending is that there's 
supposed to be 30 years of the lease still remaining 
at the end of repayment so if its much less than 50 
years it makes the repayment period so short people 
have to think about buying the freehold anyway. You 
get to a point really where for mortgage purposes 
you have to value on a freehold basis and then say 
that the freehold should be purchased as a condition
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of the loan anyway if the period is very short. So 
it doesn't make a tremendous amount of difference 
anyway.
I.S. So you'd treat that as a retention like an item of 
disrepair. A defect in the property which should be 
remedied.
F.A. There are some problems there. It's always easier 
for the vendor to buy the freehold than for the 
purchaser because of the Leasehold Reform Act, this 
is the point but normally. Some kind of deal is 
struck with the vendor so you end up with a freehold 
property anyway. You have to point out this in the 
report that the repayments are strictly limited. 
Obviously then it could be quite a bit of difference 
between freehold and leasehold.
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INTERVIEW N0»5 - 10TH JUNE 1987 
VALUER: FRANK AMESBDRY (F.A. )
I.S. Just to put you in the picture I'll describe what I 
expect the system to do when its finished and we'll 
see how that sounds to you as a representation of 
what you do. And then I want to go through, there 
are sub-systems within the system which I want to go 
through and find out what you think are important 
within those sub-systems, which are basically going 
to deal with repair, house type and size that sort 
of thing. We're done it in outline before. I've 
taken some ideas that I think are important, and I 
want to see really what you think based around those 
supposedly important considerations. 
The way I see it working in the end is that the 
property will have a complete database of 
comparables which will be based probably on your 
book, which will be kept outside the system, which 
once someone comes to the computer and says "I've 
got a house in X St.", it would then go and access 
the relevant comparables, based on the areas we 
worked out the other week - using comparables in 
those areas, then pull those out based on house type 
and size within that area and would value from 
there.
F.A. I see ....
I.S. So what I was wondering was how do you sort out your 
comparables - do you say - "anything in this
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street?" or do you say "I've got a semi in 
Tremorfa?" ...
F.A. Yes you would get the area, then get the address of 
the properties in that area, then get the road and 
from your knowledge of the area you know how that 
road compares with it.
I.S. So its a bit wider area than a street?
F.A. Oh yes, you can do it just by streets. When you're 
just doing the system I use which is very - well 
nothing very sophisticated as you know, you just, 
Cardiff you just split up into those groups, smaller 
towns one just keeps it in the same town. Its just 
from your own personal knowledge. I mean if its 
Pontypridd in my book that covers Pontypridd, 
Tonteg, Church Village, within so much of a radius. 
So you just start - you look through everything 
you've done in Pontypridd that year, . . . which 
isn't usually a tremendous amount, . . . and from 
your own sort of knowledge, it depends on where 
you're doing most work - where you're got the 
comparables. I mean if you're permanently based in 
an area obviously you'll have a lot more comparables 
- covering a wide area you tend not to have too many 
for a given area, you just have to break it down 
into convenient manageable units and then from you 
own personal knowledge of an area you know when you 
dig up a comparable, you know whether its a 
comparable sort of road, district and so on.
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I.S. So the areas we broke Cardiff down into are a pretty 
safe bet to be drawing comparables from.
F.A. Oh yes in Cardiff we do a tremendous amount of work 
so you can divide it into individual areas rather 
more easily than the more outlying areas.
I.S. How do you deal with the time of your valuation 
compared to your comparables do you adjust them at 
all?
F.A. Yes you do, you've in your own mind a bottom book 
and a top book for a given sort of property and you 
just have to work out based on standard of 
modernisation and so forth - standard of repair - 
and somewhere between the top and bottom of that.
I.S. So there's not really a conscious inflation factor 
as such?
F.A. Well inflation will come into it too we only use 
comparables going back a year or so really and then 
you do take inflation into account which of course 
varies a tremendous amount over a given area.
I.S. Talking about that is it that relevant for mortgage 
valuations in that you are valuing for scarcity so 
you're not likely to build in an inflation factor to 
a value you have from a year ago?
F.A. Well again, it would depend on what sort of 
inflation you're had. You can go back to the late 
70's and you're talking about 20% p.a. inflation 
obviously it would come in. Now, in some of the 
areas we operate in, Cynon Valley somewhere like
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that inflation has been virtually nil in some of 
these valleys over the last 2-3 years. Even in the 
better areas now you're not talking about a 
tremendous amount 7-8% p.a. at the moment which is 
not really such a big factor as it used to be so 
you're .... it would depend on how the market was at 
the time, if it was pretty flat pretty stable it 
would be a small amount. I think for mortgage 
purposes you should .... I mean a mortgage valuation 
by its definition, is the price that a property is 
like to sell in a reasonable time .... so .... there 
is no sort of hard and fast definition of a mortgage 
valuation any more ....
Anyway the Principality will not change their 
mortgage valuation forms in light of the new RIGS 
ones as they don't consider them substantially 
different.
I.S. Considering legal considerations - not just freehold 
- what else do you take into account.
F.A. Its an interesting one, most of it ideally should be 
left to solicitors really you have to assume there 
are no peculiarities I think when you are doing a 
valuation - you're always under pressure to do 
everything quickly. With Society work they want the 
offer out 2 days before the application came in and 
this sort of nonsense, you're got to come to a 
pretty quick decision and if there is anything that 
comes up in local authority searches ideally the
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solicitors should/ and does in quite a lot of cases, 
refer it back to you where the searches have 
revealed there is a proposal for a by-pass in this 
area, and does this affect your valuation? So 
you're made the valuation because this is the only 
practical way to do it because if you had to do all 
these searches yourself you'd be hung up for several 
weeks to get anything out of a local authority So 
you have to make a decision so they can say whether 
they're going to lend nor not lend. You have to 
assume there's nothing unusual about it, you take it 
that everything you see is standard and that nothing 
out of the way is going to happen and if anything 
out of the way is going to happen the solicitor 
should come back to the society and get in touch 
with the valuer and say this has been shown up in 
searches do you want to alter your valuation at all? 
That has happened in some cases I can remember 
properties where its been so significant that you 
have completely altered your valuation.
I.S. So what sort of situation?
F.A. One I particularly remember is where there was a by­ 
pass proposed, they came back and said that it would 
go right through it but it might not be for another 
10 years, but it is at the point where it is 
seriously going to affect the saleability of the 
property. In the end the local authority were 
obliged to buy it. In these circumstances we
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shouldn't lend on it f can't lend on it and then the 
vendor went to the local authority and they were 
obliged to buy it themselves. Thats an extreme 
case, quite often a little bit of the garden is 
being taken something like that so you do get it. 
I.S. So unless there is something obvious when you 
get there you ignore it. So things like drains and 
road liabilities you would not consider unless they 
were thrown back at you.
F.A. Generally speaking yes. With new properties you 
tend to make, they ask you for the approximate costs 
of outstanding roadworks that sort of thing but 
normally they have some provision with the local 
authority Anyway, its only a standard thing you put 
down as a safeguard, normally they're deposited 
money with the local authority to cover this sort of 
thing anyway. Its all standard sort of stuff and 
the solicitor would come back if there's anything 
unusual.
I.S. So we could come up with a valuation subject to a 
solicitor's confirmation.
F.A. Yes I think every valuation has to be in some way 
subject to that really. It would just take far too 
long to come to any conclusion otherwise.
I.S. Right, considering repair again what kind of defects 
are you considering significant in your valuation?
F.A. Mainly I think its work that's going to prevent 
deterioration of the structure. Dampness from one
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or other source whether its through the roof, walls, 
floors. You'd be talking about things like putting 
in a DPC or overhauling or renewing the roof if its 
particularly bad. Older houses particularly with 
solid walls re-rendering, if you're got damp 
penetration, if the rendering looks as if its 
wearing out if its going to be a major source of 
dampness, and if you're got original floors, 50 
years old flags or old quarry tile floors which damp 
is coming through you'd ask for these to be taken up 
and a proper modern concrete floor with DPM laid in 
accordance with modern standards. These are the 
main things ...
I.S. You mentioned rendering what about brickwork and 
repointing?
F.A. Pointing as well yes but often that would be the 
case with the 13.5" brick built in the 1920's you 
could get damp penetration its the same sort of 
thing really it depends on whether you're going to 
solve the problem by repointing thats fair enough I 
suppose it depends on how bad the problem is really 
and whats the best method of dealing with it.
I.S. What about windows?
F.A. Windows, yes. There again if they're really bad 
you'd often ask for them to be repaired or renewed 
whichever was the most practical consideration. If 
they're 80 years old .... having said that if 
they're modern houses, the 10 year old windows often
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need replacing, whereas in the old ones they do last 
80 years, whereas the softwood frames they were 
using in the late 60's early 70's I should think 50% 
of them have already been replaced. Quite often 
with older houses, if its an older house which has 
had very little modernisation, that's one thing 
among a list of things you insist you have done. 
Whereas with a modern one quite often its reflected 
in the price anyway so you don't worry you just make 
a comment on it but you wouldn't necessarily make a 
retention if they were going. If a house is 
fetching £25,000 and is being sold for £23,000, you 
looked at it, and said well its a bit scruffy 
generally, the windows need replacement then you 
wouldn't necessarily make any condition about the 
windows, it would be reflected in the value of the 
house.
I.S. So that relates back to the age of the property.
F.A. Yes it does really. I suppose you tend to be more 
lenient on a modern property even if there are 
certain aspects that do need replacing generally the 
construction should be in accordance with the 
present day building regulations.
I.S. What about internal decoration and conditions. Do 
you ever do anything regarding internal walls, 
plastering?
F.A. You take a general overall view again with a very 
old property which did need extensive overhauling
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you might list it then if the plasterwork were so 
bad, if there was a lot of damp penetration that the 
only solution would be to re-render on the outside 
and replaster inside its no good doing one without 
the other. Decoration as such is normally reflected 
in the valuation. Its unusual to insist that a 
property is redecorated as part of the mortgage 
offer.
I.S. Do you make any specific remarks regarding 
construction type?
F.A. Well yes. I suppose you have to really where 
particularly these days when you're got different 
types like timber framed etc. Well you always 
describe the construction as part of your report, 
you describe the construction of the house... again 
it reflects back on the age because different 
construction was used at different times.
I.S. So as long as its basically sound you're not 
bothered about the construction?
F.A. No we've had problems recently particularly with the 
council houses which have been purchased. These 
types of construction which have been found to be 
faulty. They're rather one off cases really rather 
than a general thing so .... provided its not .... 
most forms of construction are acceptable provided 
they've stood the test of time. If you're going 
back to houses built before the First World War 
they're quite obviously stood the test of time so
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its just a question of that really.
I.S. O.K. regarding your structural problems. Are there 
a number of groups you would put them into. Such as 
subsidence, roof failures, etc. Are there set 
little boxes you could put your different types of 
failure into?
F.A. Well there's always a specific question about 
subsidence which they always ask if the property has 
been seriously affected by subsidence - they ask "is 
it progressive or serious" which is always the 
$64000 question. You'd be very silly to be definite 
about it half the time on the extent of the 
inspection you can make. Yes serious structural 
faults like that ... they normally requires 
investigation anyway before we would lend. If you 
did suspect ... if its a very old property they're 
usually got some degree of subsidence which has 
occurred many years ago and is now quite settled and 
you don't worry about that. If you're looking at a 
fairly modern property and you find big cracks 
opening up in the wall, you'd want that 
investigating before you lend. So normally its more 
than just a retention. Before you come to any 
decision on those you want a firm decision from a 
specialist builder or engineer, and take it from 
what their recommendations are - they don't normally 
like to commit themselves either you find.
I.S. O.K. continuing on that, are there any sort of thing
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you would be looking for on an older house. i' m 
thinking of things like; rewiring over a certain 
age?
F.A. Yes I suppose rewiring anything over 20 years old 
you ... if the wiring hadn't been renewed it'd 
probably need replacing - anyway we're not experts 
on electrical installations but obviously you'd just 
look at the standard; the type of power points there 
are the general type of electrical fittings if 
they're all looking pretty worn out it is wise to 
recommend rewiring. It does come up quite often.
I.S. Is it treated like a retention?
F.A. Yes its often a retention. If its obvious that the 
wiring is old and worn out, and as soon as the 
electrician comes along he's going to say rip it out 
then it is normally put in as a retention. Its 
quite often - its not normally the kind of thing 
that comes up on its own, as a specific retention. 
It usually comes up as a general improvement works.
I.S. What about anything else? I was thinking 
specifically about older houses, is there anything 
you would expect that you would not expect in a 
newer house?
F.A. With an old house again. I think it depends again 
on the price its going to fetch whether its 
generally sound. Its difficult really sometimes, 
you get a house which is being sold at a very 
realistic price which reflects the work required.
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You have to cover yourself and the Society 
obviously. Quite often the way I look at it is if 
its generally sound but needs attention make a 
retention for something like a roof if that does 
need doing but not put a whole long list of work 
down. If the people are prepared to go ahead and 
have the roof renewed then you get a pretty good 
idea that they are people who are going to go 
through the whole house in time. its just sort of 
finding out half the time if the people buying it 
are the people who you should be lending money to 
and realise the problem with the property and are 
going to get on with it. Pick out one item, and say 
well if they're prepared to make the retention for 
this then its quite possible that they will be 
suitable type of people.
I.S. How do you deal with outbuildings, gardens, garages, 
etc.?
F.A. Outbuildings ... you don't normally make too big a 
thing over outbuildings. Gardens, the main problem 
with gardens is if you've got these steep gardens, 
in the valleys you get them a lot, seem to be 
holding up half the mountain behind them, then the 
strength of the retaining walls could be quite 
crucial there because if they come crashing down you 
could have all sorts of problems there, so that's 
the most important thing with gardens. If its on a 
lot of different levels make sure you're not likely
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to have any landship. This has happened on 
occasions, you have a lot of heavy rain and you 
could have very serious problems there. if its just 
a flat garden if doesn't really matter - a fence may 
be falling down that's not a great problem.
I.S. Its not likely to affect your valuation?
F.A. No I suppose if it was brought in under a collection 
of other items - obviously any sort of high wall 
thats in a dangerous condition you're got to bring 
that to someones attention - particularly if its 
overhanging a public right of way - that sort of 
thing.
I.S. Outbuildings ?
F.A. Outbuildings you generally ignore unless they're 
pretty significant - but what does the average house 
have? Not too much these days, a garden shed and a 
garage at most really. You do make a comment if a 
garage is really structurally unstable but then you 
make a comment and ignore any effect the garage may 
have on your valuation, because if you have to 
rebuild the garage before you can use it you are in 
effect buying a property without a garage really.
I.S. To what extent is a garage significant then?
F.A. I don't think garages are that significant as they 
used to be. I think its more important just to have 
somewhere to get the car off the road really. If 
you're got that, I don't think people are to worried 
about whether its covered. There's no end of
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people who use garages just to store things - the 
car never gets near there so - I think if you're got 
a place where you can get the car off the road safe 
at night, that's more important than you can 
actually get the car under cover.
I.S. What about general impressions - you've talked about 
internal decoration and the gardens, and 
individually they're not that important, it seems to 
be mostly the house that is important - but taking a 
general impression how much can that add to or take 
from the total - I mean you can go somewhere where 
its structurally sound but the decorations are 
scrubby - or the garden?
F.A. It seems to make a greater effect lower down the 
market than it does higher up the market. I think 
if someone is buying an up market property they're 
more prepared to do work - if its a special type of 
property - exactly the sort of thing they've looking 
for. Whereas I think if you get a run of the mill 
sort of property - particularly on modern estate 
they're always a lot on the market then I suppose if 
someone goes into a scruffy looking house they-re 
not going to be too impressed - and if there's 
another one opposite which they can just move into 
and live in they'd rather pay that much more to buy 
that than have all the effort to do it up 
themselves. But where you get higher up the market 
its not the case so much as someone might say 'We've
316
been looking for a house in this road for a while 
and they very rarely come onto the market' and they 
might not worry that they're going to have to do 
some work on it for some time. I think that if 
you've a scruffy house its a bigger part of 
saleability when its in the lower price range.
I.S. Which I suppose could be related to a generally 
lower standard of finish anyway.
F.A. Yes I guess so ... more like related to more 
wealth?
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DATABASE SEARCH-CRITERIA AGREED - 15TH DECEMBER 1987 
VALUERS FRANK AMESBURY (P.A.)
1. Valuation areas to be pre-assigned by valuer.
2. On the basis of (1) the relevant database file is 
selected.
3. The system asks the question "street name".
4. The system searches the database on the "street 
name" field.
5. If the streetname matches one found in the database 
the system asks the question house number.
6. If the house number matches the database house 
number then the property has been valued. The 
consultation is ended details of the property 
displayed.
7. If no match is found between house numbers, the 
system asks the questions "house type", "house age" 
and "house size".
8. The degree of match required for a comparable to be 
used is similarity of type and age. Size may also be 
considered, e.g + or - 10.
9. A property in the same street is the best 
comparable, the system should however consider 
other properties of the same type in the database. A 
mechanism for stepping through the database is 
required.
10. If no match is found on the street field the system 
should search again on the type field. If a match is 
found on type then the age of the property should be
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checked as before (see (7) and (8) above).
11. The use of many comparables is unlikely, it is 
considered rare to have more than three comparables 
per property. If many of the same "type" are found 
then the best comparables based on the other 
criteria should be used
12. The use of the "good condition unit value as a unit 
of comparison is agreed, but caution is stressed 
where value is depressed by repairs not stipulated 
as retentions.
13. The search is to be abandoned if it fails to find 
comparables on each of type, age and street. 
A new file is then to be assigned.
14. The "best" match is the most useful. An average 
value from less matching comparables may be used.
15. F.A. considers the database contents sufficiently 
comprehensive.
16. A facility to display comparables on-demand is 
considered useful.
17. A facility to throw out a clearly incompatible 
comparables would also be useful.
18. Property images - a map showing the location of 
subject property and the "cluster" of comparables 
would be very useful. It could assist with (17) 
although this isn't possible in either the 
timescale of the project of with the software 
available.
19. Regarding the use of the date field as a search
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criterion, the valuation in (6) would allowed to 
stand if the date was within the last three months 
(assuming no changes have been made, re-inspection 
would probably still be required). 




Contact to be made and interviews arranged.
F.A. comments - "things seem to be going the right way"
"it seems satisfactory"
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COMMENTS FROM OTHER VALUERS - 14TH MARCH 1988
VALUERS JENNY LANGHAM (J.L.)
I.S. ran a test case through the system and 
explained the basis of comparable selection.
1. J.L. would like to see how many comparables were 
used. This would enable her to judge how much 
significance to attach to value generated by the 
system, i.e., what degree of trust was warrented.
2. J.L. was satisfied regarding the basis of the first 
search restricted by streetname and the progression 
to valuation area if no match was achieved. 
Valuation areas are valuer defined, but it was 
suggested that valuers have different value areas.
3. J.L. feels unable to clearly define areas in the 
same manner as F.A. J.L would rather see an area 
wider than "to draw comparables from" used. J.L. 
currently uses postal districts.
4. J.L. would ideally use between 3-5 comparables, but 
this is clearly not always possible in practise.
5. J.L. considers that when the system offers advice 
and retentions are made, the system should state 
that value will be given up to the market figure 
once the retention works done.
6. J.L. wants to see the number of bedrooms held on the 
data records presented and claims it is "the 
biggest determinant of value" . She went on to 
suggest that "R.C.A. doesn't equate to number 
bedrooms in every case". This appears to be
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dependent upon the geographical area of work and the 
associated property types, i.e., in F.A.'s 
comparables three bedrooms is normal. For J.L., 
working Bridgend to Cardiff the range is from one 
bed studios to five bedroomed large detached houses 
with consequently more variety.
regarding inflation, over the last two months values 
have risen rapidly so that valuers are having to 
adjust comparables upwards now following a 
collective decision. Previously, until Christmas, 
comparables over the last six months were used. 
Valuers are now waiting for their comparables to 
catch up with the market. The valuers have meetings 
to informally decide this policy. It would therefore 
be no problem to build-into a system using a simple 
question routine, i.e., SYSTEM: ' how long should I 
consider comparables for ? The response in months 
would restrict the search of the database. 
J.L. would like to see the comparables the system 
bases its value upon. With previously valued 
properties J.L. would only want the date, value and 
any comments and retentions (all other related 
information is noted on a form held by the relevant 




4. size in terms of m
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5. number of bedrooms;
6. date of valuation?
7. presence of Central Heating;
8. garages;
9. value and any adjustments i.e., retentions.
10. J.L. suggests that the general condition question 
maybe superfluous if structural and substantial 
repairs have been answered. A facility for superior 
quality may be necessary i.e., no structural 
problems, no substantial problems but additionally 
the property is of superior quality.
11. J.L. preferred the value to be expressed as a range 
and + or -2.5% was adjudged suitable. The range 
enables interpolation of figure.
12. J.L. would like to see the results of both searches 
i.e., the best search and the next best search, even 
if five comparables are found. No weighting of best 
comparables was mentioned however. A facility to 
discard unsuitable comparables was considered 
useful, this implies presentation of comparables at 
the halfway stage. J.L. alsosuggests that if less 
than five comparables are produced, then the advice 
proffered should say this to allow interpretation of 
the advice by the valuer using the system.
13. Graphics might also help in discarding unsuitable 
comparables. This goes back to a comparable cluster 
idea previously suggested by I.S..
14. The simple average used when interpreting
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comparables is considered enough. This coupled with 
a range expressed as - or + 2.5% would be 
satisfactory. J-L- wouldn't believe a single figure 
answer based on an average. Average and range allows 
interpretation by the valuer and therefore control. 
15. J.L. made the following general comments: 
"a useful aid but not to do on it's own" 
"you'll always need market experience", 
"could be used as a assistant to provide ball park 
figures for valuers."
"would be useful for further advances as it reduces 
donkey work".
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COMMENTS FROM OTHER VALUERS - 23RD MARCH 1988 
VALUERS PAUL TROTT (P.T.)
1. P.T. went straight on to use the system without a 
demonstration and ran through with a little 
assistance. It turned out that he was under the 
misapprehension that the system was a valuer 
replacement and. was to make inspection unnecessary, 
i.e. valuations to be carried out without 
inspection.
2. His own interest is currently to set up some kind of 
index to use in revaluations to take account of 
inflation in house prices on a local basis and he 
seemed preoccupied with this, trying to assess if 
the expert system could help him with this project.
3. The importance of date of valuation in respect to 
comparables was described as "critical" (P.T. is 
particularly interested in producing an index to 
produce an inflation factor applicable to 
revaluations in order to reduce the need for further 
inspection by valuers).
4. P.T. made the point that the system seemed to cover 
all the points he considered value-related, but 
noted that some factors, such as, "living next door 
to mother" couldn't be built into such a model. 
I.S. agreed, but said the point was to build a model 
of "reasonable open market value", i.e. for building 
society lending purposes.
5. P.T. said even their lending policy could change on
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a daily basis - changes in interest rates, etc., it 
would consequently be difficult to build in even 
these "legitimate" factors.
Considering other policy issues such as the right to 
buy, P.T. was of the opinion that people will pay 
over the odds for properties under the right to buy 
provisions to reflect the discounts gained.
6. P.T. thinks that in a new development, i.e. Cardiff 
Bay, such a system could be used for valuation 
without inspection of properties, based on the 
premise that there are new houses and therefore few 
alterations. Clearly in towns like Merthyr this is 
not the case.
7. P.T. believes such a system would be of value as an 
aide to further advances if linked to inflation 
indices mentioned in 3. above and used as a check to 
valuers.
8. A system further able to work out Leasehold Reform 
Act valuations would be of further value to him.
9. Regarding comparables P.T. regards 5 comparables 
carried out by himself as a luxury, 3 or less would 
be more usual although it could be backed up by 
newspaper advertisements. The information is often 
out of date however and P.T. again referred to the 
index he wishes to establish.
10. P.T. agrees with the search criteria adopted in the 
system for selecting comparables.
11. Regarding adjusting comparables P.T. states that
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most building societies have indices drawn up by 
their Chief Staff Valuers which are used to up-date 
comparables. i.e. the valuation is up-dated using an 
index and signed by a valuer.
12. P.T. made no mention of wishing to view comparables. 
When this was suggested to him he was happy to see 
them at end of the consultation.
13. Regarding central heating, garages and other factors 
which the model adjusts for P.T. says he doesn't 
think they affect value but make a property easier 
to sell. They're not quantified as such.
14. When the inclusion of graphics was put forward to 
assist the valuer in placing comparables in relation 
to the subject property, P.T. would be interested 
especially if the valuer was new in the area.
15. P.T. suggests that the system would be useful as a 
guide but that some factors would never be able to 
be built in. When pressed P.T. said that some 
organisations would not want some things made 
explicit, particularly where building societies own 
an estate agency. It was suggested that some 
"Chinese Walls" were not as solid as might be 
desired.
16. P.T. Finds the idea of a range of value the most 
acceptable for presentation of advice.
17. Finally P.T. has reservations about factors which 
are not bricks and mortar considerations, i.e. 
personal considerations of buyers, but is interested
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in the following items arising, or developable, from 
the project:
1. help with inflation indices;
2. valuations in new building areas;
3. further advances;
4. Leasehold Reform Act valuations.
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COMMENTS FROM OTHER VALUERS 24TH MARCH 1988
VALUER: KEITH JENKINS (K.J.)
I.S. explained the system, its components and 
operation and then ran through a random test case 
and asked for comments.
1. K.J. suggested that the leasehold part of the system 
should be able to calculate the value because where 
leases have fallen in, or are about to, the Modern 
Ground Rent might be £125-150 per annum, which would 
give a larger capital sum than an old long lease 
which typically cost £3-5 per annum. Regarding any 
retention for this item K.J. suggests that the loan 
is more usually made subject to purchase of the 
freehold rather than making a retention as such. If 
the system was to be used by valuers other than 
Buildig Society valuers then he imagines it to be of 
great value to include Leasehold Reform Act 
Valuation figure.
2. Regarding repair, K.J. was of the opinion that 
"fiddling repairs" were not a factor, but stated 
that there was the question of maintenance having a 
cumulative effect i.e., a number of individually 
unimportant repairs might together give a sufficient 
impression of "tattiness" to depress the value of a 
property. The property might be structurally fine 
and contain no major repair failure but not have 
been decorated for 6-7 years. This would depress 
the value and lead to an "uncertainty factor" of the
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degree of diminution attributable to the poor 
condition.
3. Regarding date ofcomparable evidence, K.J. hadn't 
thought of it but when prompted described it as very 
important. In a town larger than Merthyr (60,000 
population) the date period used could be as small 
as six months. In Merthyr it might be necessary to 
look further back to get enough comparables.
4. Regarding inflation K.J. noted that Caldicot is 
currently a rising market but these kind of 
market "aberrations" mean that "all logic falls" 
when these conditions are prevalent. The valuers can 
make an addition to the comparables for inflation 
but are relying upon guesswork until the market 
settles down. I.S. noted that in this settled 
period an expert system would "come into its own".
5. K.J. suggested that in a large town it might be 
possible to use only the last 3 months comparables, 
but for many areas five comparables, as suggested by 
J.L. was not usually possible.
6. Regarding size the comparables used in the example 
case had a range of 840-1264 ft2 . K.J. suggested 
these are not "true comparables". A logarithmic 
measure maybe more applicable than a straight 
conversion of £/m2 to basic value.
KJ suggested that bands of size, say 1000-1250 ft 
etc. should be used and made the point that this 
less than direct relationship is particularly true
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with new houses where a single bed studio may cost
"£28,000 and a 2 bed house £33000".
It is harder to show the relationship with older
houses as variations in extension are more
prevalent.
K.J. pointed out however, that using these bands
requires some arbitrary cut off point which it is
difficult to justify.
K.J. suggests that an additional factor to be
considered is the environmental factor such as,
"nearness to an adjoining nuisance". K.J. suggests
that a question along the lines of "is the
property's value affected by an adjoining nuisance"
may be suitable but would then be hard to quantify
"I don't know how you could do that".
I.S. suggested that K.J. gave an example and
discussed the point.
K.J. recently valued a house in Usk with an asking
price £35,000. K.J. valued the property at £33,000
due to the nuisance caused by the property's
proximity to a road bridge which required lorries to
change gear to climb a hill. K.J. considered that
on resale the market for such a property might be
limited due to old couples not wishing the noise,
couple with small children not wishing to be near
the road due to danger. The price looked "a bit
salty" despite the "cuteness" of the cottage.
K.J. still insisted that quantification was
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impossible particularly with regard to different
environmental factors.
I.S. suggested the use of two questions:
1. "Is there an adjoining environmental factor which 
might affect the property adversely?"




This could be set up easily using Savoir and K.J. 
expressed satisfaction at the approach. A factor of 
5% was suggested for the reduction in open market 
value for a moderate nuisance. On the basis of this 
K.J.'s nearby road noise would be deemed moderate. 
8. K.J. went on to discuss right to buy cases and 
stated that "values are depressed by location - 
particularly on larger estates. The next door 
property is of relevance especially if it remains in 
Council hands - "problem families" may be moved in". 
This should be contrasted with P.T.'s comments on 
the same subject.
I. Regarding presentation of comparables K.J. suggested 
that the desire to see them or not would depend on 
whether the valuer knew the area well. If not he 
might be happy to see then at the end of the 
consultation session, and take the system's advice 
until he felt confident enoughto overrule it. A 
valuer familiar with an area might be happier to see 
them part-way through to discard unsuitable 
comparables, thus giving the valuer more control
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over the result. An analysis of what might be a 
good comp could follow naturally from this work.
10. K.J. believes that the visual display of comparables 
on a map, "the comparable cluster", would assist the 
valuer and enable the discarding of some comparables 
to be made easier.
11. It was noted above that J.L. suggested that the 
number of bedrooms was significant for her area of 
work. K.J., in response to probing by I.S., 
suggests that this relates to house age. ie., rarely 
will an old property be added to make extra 
bedspace.
13. K.J. suggested the system may be of great use in 
further advance cases or as a second opinion for new 
valuers. It also prevents an extensive search for 
comparables i.e., asking around the office for odd 
comparables as all comparables held by all valuers 
could be input to the database.
In conclusion K.J. was impressed and said the system 
was further on than he expected.
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COMMENTS PROM OTHER VALUERS - 25TH MARCH 1988 
VALUER: SUSAN BATTY (S.B.)
1. S.B. questioned the time period of the model, i.e. 
how is it possible to deal with time adjustments in 
the comparable data.
I.S. replied that this was not necessary. The system 
simply uses comparables from same time-period.
2. S.B. asked what would the system do if only a few 
comparables were available.
I.S. explained the expansion of the area of search. 
A further possibility which could be implemented 
would be to search further back historically and 
then adjust the comparables gained for inflation. 
This approach would only be of use in the short term 
due to changing market conditions.
3. S.B. suggested that the system contrasted heavily 
with a system developed at Oxford Polytehnic by 
Michael Leary for the control of development under 
planning regulations. This domain has a heavily 
structured domain but seems to have produced an 
unstructured approach. The mortgage valuation 
approach is clearly hierarchical in what is 
traditionally an unstructured domain.
4. S.B. questioned the decision to buy SAVOIR rather 
than the more powerful LEONARDO as used for the 
Oxford system.
5. S.B. brought up the question of who is to use the 
system? She believes it would be educational for
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valuers to "lay bare" their valuation methodology 
and to learn from this.
6. S.B. questioned the lack of explanation provided in 
the system but agreed that it might be harder in 
this domain than in Leary's work.
I.S. commented that none of the building society 
valuers had thought it necessary, although at the 
trial sessions it was explained to them how the 
system produced a value range. All they required 
was to view the comparables used at some stage.
7. S.B. suggested that the Oxford project would face 
problems in a change in legislation. The mortgage 
valuation system in contrast only has sub-systems 
dealing with issues of law and policy, the large 
part is likely to be fixed once established.
8. S.B. suggested that giving valuers quicker access 
to more data comparables would be valuable 
particularly if the system was networked and shared 
data established between offices.
9. S.B. also suggested that the system could be used 
to find patterns in the shared data a return to 
regression analysis which would be valuable if 
establishing trends to use in updating historic 
coraparables (see 2. above).
10. I.s. also suggested advantages in consistency of 
advice.
11. S.B. saw the greatest advantages in making available 
more comparables, and in the analysis of data.
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COMMENTS FROM OTHER VALUERS - 3RD AUGUST 1988 
VALUERS! FINAL TEAR ESTATE MANAGEMENT STUDENTS 
The system was shown to Polytechnic Students both at 
the Polytechnic of Wales and Bristol Polytechnic. 
Demonstrations also took place at the R.l.c.S. 
Headquarters to the Society of Estate Managers in 
Education, and opinions sought.
A more formal demonstration was carried out before 
eight Polytecgnic of Wales final year students all 
of whom had residential valuation experience. 
In large their comments echoed those of the three 
building society valuers (J.L., P.T., K.J.) with the 
following additions:-
1. The first half of the system selects comparables in 
a similar fashion to "MILO", a Valuation Office 
system (recently introduced and abandoned). It 
appears "MILO" was undercapitalised, using only one 
machine per office and hence valuer-access was 
restricted due to time spent by clerical staff 
putting in data. Data input was also not 
consistent.
2. The type of construction used for the property 
should be noted. This was again a comment from 
Valuation Office personnel who had dealt with 
concrete system-built houses.
3. A more precise definition of central heating should 
be made i.e., part/full and the date of 
installation noted.
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It was considered that smaller items of 
environmental disability would not be reflected in 
the comparables (unlike a larger disability), 
smaller factors should be itemised therefore. 
Referring to the "MILO" system, the current model is 
apparently easier to use there is no reliance on 
codes etc., and more user-friendly. A further 
advantage, when the data related search was 
considered, is that "MILO" works only on complete 
years, consequently if a valuation is required in 
January very few comparables may be available.
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APPENDIX 2
DIGESTS OF COMMENTS OF MULTIPLE VALUERS
1. Regarding time-scale of valuations and the date- 
adjustment of comparables, the valuers consider that 
the time of valuation should be used to restrict the 
period of consideration for comparables particularly 
in rapid inflation.
2. No real concensus was reached regarding the minimum 
number of comparables to be used. An effort should be 
made to define and select "true" comparables.
3. Regarding the explanation of the advice, in general 
the valuers were not interested, the display of 
comparables was considered enough. One of the valuers 
(S.B.) did however suggest that explication would be 
educational for the user.
4. The system has advantages in shared data and rapid 
access to that data.
5. The calculation of Leasehold Reform Act Valuations 
would be an advantage in some instances, but might be 
unnecessary for mortgage valuation.
6. A further category of repair, more correctly called 
"maintenance" was adjudged to be lacking. This could 
be built around the "general repair" question in the 
current system.
7. Environmental factors, for example, a nearby glue 
factory, should be considered, although this may not 
be the case if the comparables also reflect this
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factor. it will depend upon the degree of locality 
attributable to the environmental factor.
8. Regarding size, K.J. suggested a "true comparable" 
approach including size as a criteria for comparable 
selection. This approach would utilize a banded size 
range. It should be noted, however, that this isn't 
backed up by data analysis in many cases, particularly 
older properties and also requires arbitrary cut off 
points at the edge of bands.
9. The display of comparables is desirable at some stage 
of the consultation. It is considered that this may be 
best at the half way point of a consultation to allow 
freak comparables to be deleted from the valuation 
process.
10. Visual assistance within the comparable selection 
process was very popular with all the valuers, perhaps 
because it deals with something they're familiar with 
in maps etc. This is not practicable until a mapping 
system is available and linked to SAVOIR.
11. Each of the building society valuers suggested the 
system as of use for further advances. P.T. 
additionally suggested he would be happy to have new 
properties i.e., Cardiff Bay, all valued by system 
without inspection.
12. The valuers also suggested shared data as a big 
advantage.
13. J.L. suggested that valuation areas will differ with 
each valuer, a consensus must be established for data
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to be usefully passed between valuers.
14. Regarding retentions, having made a retention the 
system should state the higher figure which will be 
loaned if the works are carried out.
15. The presentation of the final value as a range was 
considered desirable. The range enables interpolation 
and gives control to the valuer. J.L. "wouldn't 
believe" a single figure.
The simple averaging of comparables is considered 
acceptable, which may mean that the valuers can offer 
no more satisfactory procedure.
16. J.L. would like to see both database searches carried 
out on each property - i.e., both "same street" 
properties and "same type" properties, although no 
weighting of comparables for a best comparable was 
suggested.
17. Constructional details of properties are required for 
insurance valuations, although F.A. gives no data on 
this in his data records.
18. P.T. was very interested in using the system for 
generating indices of property inflation trends.
19. P.T. and K.J. seem to conflict regarding right to buy 
cases. P.T. suggests that tenants pay over the odds to 
reflect the discount given. In contrast K.J. suggests 
that values are depressed by the location.
20. General comments made were:
J.L. "A useful aid but not to value on it's own, 
you'll always need market experience.
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"Could be used as an assistant to provide 
ball-park figures for valuers.
" It would be useful for further advances, 
it reduces the donkey work."
P.T. "The system covers all the points I consider 
value related but some factors cannot be 
built into such a model.
"On a new development it could be used 
without inspection.
"Some factors cannot be built in because of 
their political nature."
K.J. "In a rapidly rising market "all logic 
falls" and the system would struggle.
"When the aberration in the market passed 
the system would come into its own.
"The valuers are relying on guesswork in 
this instance" (a rising market).
"Less than five comparables are acceptable, 
if they're "true" comparables regarding 
size.
"I don't know how you could quantify an 
adjoining nuisance".




It is convenient to divide the shells considered into two 
groups, based upon their ability to deal with uncertain, 
or only certain knowledge.





These four systems can be further broken down into
induction and non induction systems.
NON-INDUCTION SYSTEMS
(a) E.S.P./ADVISOR. £600. 1,000 sales claimed
This is a backward chaining system aimed specifically 
at a "text animation" role. It is envisaged as an 
"intelligent" source of reference in an area of 
complexity, for example, the rules regarding 
compulsory purchase compensation. The valuer would 
not need to consult a reference book, he would consult 
the expert system advisor instead.
Whilst this might seem an unnecessary duplication, the 
expert system is:
(i) interactive - it asks the "right" questions
regarding the case in question without wading
through irrelevancies?
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(ii) it is easier to use then printed regulations; 
(iii) it is more concise than printed regulations; 
(iv) the advice from the expert system is not open to 
misinterpretation in the same way as printed 
matter;
(v)in addition, the system can explain the 
reasoning behind a piece of advice it offers.
This knowledge-distribution role is considered a very 
suitable application for expert systems, particularly 
in large organisations where codes of practice and 
complex manuals are often used, for example, the 
Valuation Office's "Chapters" which detail procedures 
in valuation work.
A further point is that most expert systems can be 
reproduced in "runtime" versions, that is, complete, 
but without the facility to be altered by the user. 
These "runtime" versions are copied from the original 
and are comparable to, if not cheaper than, the cost 
of printed regulations. They also take up less space 
and can easily be recopied should changes in the 
information be required, for example, to take account 
of new legislation.
(b) EXPERTECH Xi. £495. 800 sales claimed.
Xi is a production rule system, fairly similar to 
E.S.P./ADVISOR. Again it deals with deterministic 
knowledge, and it has both forward and backward 
chaining which may be advantageous in some
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applications. The system has a very useful "What If" 
feature which enables the user to evaluate rapidly 
alternative courses of action. The system cannot deal 
with real numbers.
As with E.S.P./ADVISOR it is fairly easy to develop 
and use expert systems with Xi when compared to some 
of the more complex systems.
Both Xi and E. S .P./ADVISOR are currently used in 
commercial and industrial roles, examples quoted are as 
diverse as process control, advising on broking 
legislation and emergencies in foreign exchange dealings. 
For valuers, it is unlikely that such a system could be 
used to carry out valuations per-se, they are however 
suitable for applications such as:
(i) advising on legal aspects of valuations; 
(ii) compulsory purchase legislation affecting valuation; 
(iii) rating valuation;
(iv) landlord and tenant valuations;
All these applications require advice and explanation 
which is currently found in printed matter. It is this 
type of role that these systems can take over and enhance, 
eliminating errors and speeding up the consultancy 
process.
INDUCTION SYSTEMS
(c) EXPERTEASE. £695. "several thousand" sales claimed.
EXPERTEASE, and its big brothers, EXTRAN 7 and 
RULEMASTER, form a distinct subset of the shells 
market as a whole, in that they require sets of
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examples from which to derive rules, rather than 
established, explicit rules. This ability makes 
Expertease very suitable for developing expert systems 
in areas where the required expertise is ill-defined 
and poorly-researched.
The system is aimed at the specialists themselves 
rather than computer-scientist expert system builders, 
and is relatively simple to use. It does however 
require the selection of a good set of case studies 
and lacks many of the useful features found in non- 
induction systems. In particular, explanation of the 
reasoning behind a solution offered is unsatisfactory. 
Induction systems are only able to provide 
justification based on previous examples which may not 
be sufficient in some cases.
Further, EXPERTEASE cannot accept known rules 
directly, requiring the fabrication of examples from 
which the system can re-derive the rule, which is 
time consuming. The system, like Xi, is unable to use 
real numbers. Finally the size of system possible 
using EXPERTEASE is fairly limited.
(d) EXTRAN 7. £1,995.
EXTRAN 7 is a similar but more complex system than 
EXPERTEASE. It has, in addition to the features found 
in EXPERTEASE, the ability to accept rules directly 
and can be used to build much larger systems. EXTRAN 
7 is currently used in engineering applications 
although no sales figures are claimed.
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Despite the limitations of rule induction generally, and 
the investigated systems in particular, the two systems 
fill a useful gap in the market and were considered for 
the project simply for their ability to derive rules from 
cases. Eventually they were discarded in favour of 
conventional systems, primarily because of their limited 
numerical ability. 







(a) CRYSTAL II. £595. Sales figures not available.
CRYSTAL was considered in its Mk.l form. In this form 
it was similar to Xi and E.S. P./ADVISOR, if somewhat 
more basic.
In its new form it is claimed to be able to deal with 
uncertainty, have backward and forward chaining, 
various numerical functions and explanation 
facilities.
The system is aimed at financial and accountancy users 
and in its revised form sounds impressive. It should 
as with the other systems, however, be thoroughly 
investigated by prospective users to establish the 
veracity of the claims made for it.
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(b) ENVISAGE
This is a highly sophisticated shell which at the time 
of consideration only ran on mini-computers. The 
system offers similar features to SAVOIR and KES, it 
is consequently not the easiest of shells to use. 
ENVISAGE was ruled out for the project because of its 
unavailability on micro-computer. There were however, 
plans to transfer the system which may now have been 
carried out. It is therefore worthy of further 
investigation by users requiring sophistication and 
good performance from their shell system.
(c) SAVOIR. £3,000. Sales claimed 260.
This system is intended for use by analysts and 
programmers to write expert systems for use by non- 
computer experts. It is consequently not considered 
easy to build systems without some prior computing 
experience.
The system probably represented the top of the micro­ 
computer expert system range at the date of 
consideration, containing a wide range of features and 
powerful control and checking facilities. It uses 
both forward and backward chaining and can be used to 
develop large systems. SAVOIR can be used in 
conjunction with other software, spreadsheets, 
databases, etc. It can support both certain and a 
selection of uncertain knowledge representation 
techniques. 
The facilities offered by SAVOIR make it very
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attractive, even taking into account the fact that it 
is difficult to use when compared to some of the 
smaller systems.
SAVOIR can support both inference network and 
production rules reasoning. It further has all the 
numerical features required by the mortgage valuation 
project. The consequent loss in ease of construction 
was eventually outweighed by these factors. Savoir was 
consequently chosen to implement the mortgage 
valuation demonstration systems.
(d) EXPERT EDGE. £1,250. Sales claimed 500+.
EXPERT EDGE is an inference network with the facility 
to represent uncertain information by using 
probability factors, indicating the likelihood or 
otherwise of a situation occurring.
Expert Edge is backward chaining but can simulate a
forward chaining manner by the user volunteering
sufficient information for the system to "prove" the
required goal or solution.
The system is fairly easy to use both in terms of
system building and consultation, even if the
knowledge base is difficult to understand due to its
nature as an inference network.
The system has a commercial slant to it, with access
to external functions such as, Lotus 1-2-3 and other
business packages.
EXPERT EDGE was a strong contender for the project,
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but was eventually found unable to cope with the 
treatment of numbers and property values proposed. 
EXPERT EDGE also offers less sophistication in 
operation when compared to KES and SAVOIR. it is 
nevertheless an attractive package.
(e) KES 2. £2,500. Sales claimed 80.
KES 2 on micro-computers is a cut-down version of a 
larger system which operates on mini-computers. The 
system has three subsystems; an inference network, 
production rules, and a mode called " hypothesise and 
test".
At the time of investigation, only the production rule 
system was available on the IBM PC which did weigh 
against KES at the time. The other subsystems were 
promised at a later date, as was an improved manual. 
The system is claimed to require little or no computer 
experience from the builder, however KES offers very- 
similar facilities to SAVOIR. It is not, therefore, 
expected to be significantly easier to use. 
The production rule system has a capacity for 
uncertainty and is comprehensible in the same way that 
other production rule systems are. KES can be linked 
to other software programs.
It was concluded that there was little to choose 
between KES and SAVOIR in terms of facilities offered. 
KES is very flexible and somewhat cheaper then Savoir. 
For users who can wait for the two promised subsystems 
KES may offer a good alternative to SAVOIR.
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( f) RULEMASTER. $995 Sale claimed N/A.
This is an American development in conjunction with
the makers of EXPERTEASE and EXTRAN 7.
It is another induction package which, like EXTRAN 7,
has the ability to accept rules directly.
Additionally, RULEMASTER has the ability to accept
uncertain knowledge. Like EXPERTEASE and EXTRAN 7,
RULEMASTER uses forward chaining.
This system was only briefly explored but is worthy of
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NUMBER market_value 'the market value of the subject
property'
fourth_value - (retention_sum + leasehold) 
IF structural_repairs 
ELSE fourth_value - (repairs_sum + leasehold)
QUESTION structural_repairs 'Are there signs of 
structural failure in the subject property. #13# 
Press A for more detail.'
AMPLIFY 'Examples of visible signs of structural 
failure are :
#13# - Progressive cracking in load bearing walls;
#13# - Deformation of apertures in walls;
#13# - Unlevel window sills, heads, and door heads;
#13# - Bulging walls;
#13f - Sagging roof.' 
YESNO
QUESTION substantial_repairs'Are there repair 
problems which, although they do not affect the 
structural integrity of the subject property, are 
nonetheless of a substantial nature. #13# Press A 
for more detail.'
AMPLIFY 'By substantial I mean are the repairs 
fairly major or likely to be expensive to carry out? 
Examples of such repairs are :
#13# - Extensive roof repairs 
f!3# - Major window replacement
#13# - Protecting the physical fabric 
of the building from ingress of water.'
YESNO
QUESTION structural_survey 'Has a structural survey









QUESTION commission_report 'It would be wise to 
commission a structural report,this will take some 
time and may involve further expense.
#13#0n completion of the report it may well be the
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case that the property is an unsuitable security for 
the loan.
#13#Do you wish to go to this extra expense ?' 
YESNO
QUESTION retention_sum 'What value was attributed to 
the retention specified ?' 
NUMERIC 0 5000 
IF retention 
ELSE 0.0
QUESTION repairs_sum 'What value is attributable to




QUESTION general 'Disregarding both structural and 
serious repairs which have already been dealt with 
earlier, what is your general impression of the 
subject property with regard to other similar 
properties in the area ?
f!3#l - the subject property is of superior quality. 
f!3#2 - the subject property is of inferior quality.
#13#3 - the subject property is of about average 
quality.' 
INTEGER 1 3
NUMBER final_value 'The final value' MADE
MAKE final_value market_value * 1.025 ASSOONAS
general = 1
MAKE final_value market_value * 0.975 ASSOONAS
general = 2
MAKE final_value market_value * 1.000 ASSOONAS
general = 3
NUMBER high_final_value 'the high final value'
final_value * 1.025





ASSOONAS KNOWN market_value AND NOT ANSWERED
commi s s ion_report
DISPLAY 'I am not in a position to assess the market 
value of the subject without a clear idea of its 
structural defects.#13# As it appears that you are 
unable to supply me with this information, but are 
nonetheless keen to proceed with the proposed 
mortgage loan, I suggest that you commission a 
structural survey by a qualified Chartered Surveyor
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or Incorporated Valuer and reconsult this system on
receipt of the survey report.'
STOP market_value INVESTIGATE what_now
ASSOONAS coinmission_report
DISPLAY 'As the property exhibits signs of 
structural failure, and you are unwilling to proceed 
with the expense of a structural survey, I must 
conclude that this property will form an unsuitable 
security for the proposed loan.#13# I would 
therefore suggest that no further action be taken, 
other than to refuse loan applications to be secured 
on this property, on the grounds of its poor 
structural condition, unless a structural survey is 




ASSOONAS ANSWERED commission_report AND NOT 
commi s s ion_report
DISPLAY ' It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_value#, taking into 
account its location, the prevailing level of house 
prices in this area, and the physical attributes of 
the property itself.
#13#This relates sufficiently well to the sale 
figure of fsale_price# to enable me to recommend 
that the mortgage loan be granted up to this value, 
subject to the satisfactory credit rating of the 
mortgagor.
#13#It should be noted however that this valuation 
is also subject to a satisfactory report from the 
relevant solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and
servitudes;
f!3#2 - Road agreements;
#13#3 - Drains and sewer liabilities;
#13#4 - Any other legal restrictions which may have 
an effect on the value of the property.'
INVESTIGATE what_now
ASSOONAS (OMV) AND (KNOWN final_value) AND 
(sale_price >= low_final_value) AND (sale_price <= 
high_final_value)
DISPLAY 'It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_value#, taking into 
account its location, the prevailing level of house 
prices in this area, and the physical attributes of 
the property itself. #13#This does not relate 
sufficiently well to the sale figure of #sale_price# 
to enable me to recommend that the mortgage loan be 
granted up to the sale figure stated. I would
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however fully support a mortgage loan up to a 
maximum of f low_f inal_value#, and up to
#high_final_valuef if necessary.#13# It should 
however be pointed out that you should not feel 
obliged to take my advice on this matter, and that 
loans based on this higher figure should be approved 
by a valuer.
#13#It should also be noted that this valuation is 
also subject to a satisfactory report from the 
relevant solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and 
servitudes;
#13#2 - Road agreements;
#13#3 - Drains and sewer liabilities;
t!3#4 - Any other legal restrictions which may have
an effect on the value of the property.'
INVESTIGATE what_now
ASSOONAS (OMV) AND (KNOWN final_value) AND
(sale_price >= high_final_value)
DISPLAY 'It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_yalue#, taking into 
account its location, the prevailing level of house 
prices in this area, and the physical attributes of 
the property itself. #13#This is somewhat higher 
than the stated sale figure of #sale_jprice# and it 
should be noted that there may be unusual 
circumstances surrounding the sale.#13# I would 
recommend that the mortgage loan be granted up to 
the sale figure stated in this case, although this 
advice is subject to any such unusual circumstances 
which may come to light.
#13#It should be noted that this valuation is also 
subject to a satisfactory report from the relevant 
solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and 
servitudes;
#13#2 - Road agreements;
#13#3 - Drains and sewer liabilities;
#13#4 - Any other legal restrictions which may have 
an effect on the value of the property.' 
INVESTIGATE what_now
ASSOONAS (OMV) AND (KNOWN final_value) AND 
(sale_price <= low_final_value)
DISPLAY 'It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_value#, taking into 
account its location, the prevailing level of house 
prices in this area, and the physical attributes of 
the property itself. #13#It should be noted that 
this valuation, is subject to a satisfactory report 
from the relevant solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and 
servitudes;
355
#13f2 - Road agreements;
#13#3 - Drains and sewer liabilities;
#13#4 - Any other legal restrictions which may have 
an effect on the value of the property.' 
INVESTIGATE what_now 
ASSOONAS (NOT OMV) AND (KNOWN final_value)
QUESTION what_now 'What would you like to do now:
#13#1 - End this session, 
f!3#2 - Cycle round and change 
some of your answers ?'




ASSOONAS what_now = 2
MAKE AT_END TRUE ASSOONAS what_now = 1
GROUP factors location_factor type_factor 
style_factor size_factor garage_factor 
central_heating_factor services_factor
DISPLAY 'This program relates to vacant possession 
houses in Thornhill, Cardiff.#13# As such it 
attempts to produce a valuation which can be 
utilised when trying to decide whether or not the 
agreed sale price is a reasonable approximation of 
market value.#13# If this is the case, then the 
property can be recommended as suitable security for 
a mortgage loan up to the agreed sale price.#13# 
Should this not be the case, or in cases where there 
is no agreed sale price; the extension of an 
existing mortgage for example, then the value 
produced by the system can be recommended as the 
maximum loan which should be secured on the subject 
property, subject to the existing loan, or loans .'
INVESTIGATE sale_jprice ASSOONAS AT_START
INVESTIGATE leasehold ASSOONAS KNOWN sale_price
INVESTIGATE factors ASSOONAS KNOWN leasehold
QUESTION OMV 'Some mortgages concern property being 
sold on the open market, whilst others concern a 
remortgage of a property. #13fDoes this case concern 
an open market value sale ?' 
YESNO
NUMBER sale_price 'the sale price' 
price
QUESTION price 'What is the proposed sale price ?' 




QUESTION freehold 'Most new houses are sold 
freehold. In South Wales however there are many 
leasehold residential properties let on long leases.
#13#Problems can arise when valuing for mortgage 
purposes if the unexpired term of the lease is 
relativly short. #l3#Is the subject property 
freehold ?' 
YESNO
QUESTION lease 'How long has the lease to run ?' 
NUMERIC 1 999 
IF not freehold 
ELSE 0.0
CONDITION leasedummy 'the leasedummy'
lease >=1
CONDITION shortlease 'the lease is short'
lease <=55
QUESTION leasehold 'What amount is required to be
withheld from the loan as a retention, with which to
buy out the freehold interest under the provisions
of the 1967 Leasehold Reform Act ? Press A for more
detail.'
AMPLIFY 'As a general rule within the Principality
Building Society, it is usually considered necessary
for a lease to have a minimum unexpired term of 30
years remaining after the proposed date of complete
repayment of the mortgage loan.
#13tThis is in order to protect the mortgagor 
against the brevity of the remaining lease term in 
case of forclosure of the loan.#13# As most 
mortgages are for a period of 25 years I usually 
recommend purchase of the freehold in cases where 
the remaining lease term is less than 55 years as in 
this case.' 
NUMERIC 0 10000
IF (shortlease) AND (leasedummy) 
ELSE 0.0
QUESTION location_factor 'It is assumed that the 
location is Thornhill.#13# Please confirm this fact 
by pressing Y.' 
CONFIRM
QUESTION type_factor 'Most houses in Thornhill are 
of either detached or semi-detached constructional 
style.
#13# Is the subject property detached ?' 
YESNO
QUESTION style_factor 'It has been noted that 
properties which are constructed in a non- 
traditional dormer style tend to command a somewhat 
lower value than those traditionally styled 
houses.#13# Is the property of dormer style 
construction ?' YESNO
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QUESTION size_f actor 'What is the R.C.A. of the 
subject property ? #13# Press A for more detail.'
AMPLIFY 'R.C.A. or Reduced Covered Area, is the 
total floor area of the property measured 
externally. This is also known as superficial floor 
area. #13# It would be preferable if you could 
express this in terms of square feet. However I will 
convert from metric to imperial if necessary.' 
NUMERIC 0 2500
NUMBER size 'The size of the house' MADE
MAKE size size_factor * 10.763867
ASSOONAS (size_factor <= 500) AND (size_factor >~
45)
MAKE size size_factor * 1 ASSOONAS size_factor >=
500
CLEAR size_£actor
DISPLAY 'This property appears to be ridiculously
small.#13# Have another go. ' INVESTIGATE
size_factor ASSOONAS size_factor <= 45
NUMBER pounds_ft 'The unit value of the subject
property'
MADE
MAKE pounds_ft 44.3450 ASSOONAS ANSWERED type_factor
AND type_factor AND ANSWERED size AND ANSWERED
location_factor AND ANSWERED style_factor AND NOT
style_factor MAKE pounds_ft 39.9105 ASSOONAS
ANSWERED type_factor AND type_factor AND ANSWERED
size AND ANSWERED location_factor
AND ANSWERED style_factor AND style_factor
MAKE pounds_ft 39.4050 ASSOONAS ANSWERED type_factor
AND NOT type_factor AND ANSWERED size AND ANSWERED
location__factor AND ANSWERED style_factor AND NOT
style_factor
MAKE pounds_ft 35.4645 ASSOONAS ANSWERED type_factor
AND NOT type_factor AND ANSWERED size AND ANSWERED
location_factor AND ANSWERED style_factor AND
style_factor
NUMBER basic_value 'the basic value of the subject 
property'
pounds_ft * size
NUMBER basic_low 'the low basic value'
basic_yalue * 0.85 
NUMBER basic_high 'the high basic value'
basic_yalue * 1.15
DISPLAY 'I am so far of the opinion that the market 
value is in the region of #basic_low# to 
#basic_high#. #13# I will now ask some more 
questions regarding the condition of the property in 
order to further refine this figure.' 
ASSOONAS KNOWN basic value
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QUESTION garage_factor 'Most houses in this area 
have garages, either detached from, or contiguous 
to,the main stucture.
f!3# In addition some superior quality houses, 
usually detached have double garages.
#13# Does the property under consideration have;
#13# 1- a contiguous garage,
#13# 2- a detached garage,
#13# 3- a double garage,
#13# 4- no garage at all ?' 
INTEGER 1 4 ONLY
NUMBER interim^value 'The interim value of the
property'
MADE
MAKE interim_value basic_value * 0.9451 ASSOONAS
garage_factor = 1
MAKE interim_value basic_value * 1.0640 ASSOONAS
garage_factor = 3
MAKE interim_value basic_value * 1.0398 ASSOONAS
garage_factor = 2
MAKE interim_value basic_value * 0.9000 ASSOONAS
garage_factor = 4
QUESTION central_heating_factor 'Most houses in this 
area also have central heating the provision of 
which is generally expected. #13# Lack of central 
heating will therefore tend to reduce the value of 
a particular property in relation to other 
comparable properties in the area. #13# Does the 
subject property have central heating ?' 
YESNO
NUMBER third_value 'The third value of the property'
MADE
MAKE third_value interim_value * 0.9 ASSOONAS not
central_heating_factor
MAKE third_value interim_value ASSOONAS
central_heating_factor
QUESTION services_factor 'Similarly, most houses in 
this area have full mains services, the provision 
of which is generally expected.
#13#Lack of these services may therefore reduce the 
market value which the property could otherwise be 
expected to achieve.
#13#Please confirm that the property has full mains
services by pressing Y.'
CONFIRM
NUMBER fourth_value 'The fourth value of the 
property' MADE





GROUP factors garage_factor centra l_heating_f actor 
services_factor age_factor
DISPLAY 'This program relates to vacant possession 
houses in Merthyr.#13# As such it attempts to 
produce a valuation which can be utilised when 
trying to decide whether or not the agreed sale 
price is a reasonable approximation of market 
value.#13# If this is the case, then the property 
can be recommended as suitable security for a 
mortgage loan up to the agreed sale price. #13# 
Should this not be the case, or in cases where there 
is no agreed sale price; as in the extension of an 
existing mortgage for example, then the value 
produced by the system can be recommended as the 
maximum loan which should be secured on the subject 
property, subject to the existing loan, or loans .'
INVESTIGATE sale_j?rice ASSOONAS AT_START 
INVESTIGATE leasehold ASSOONAS KNOWN sale_price 
INVESTIGATE location ASSOONAS KNOWN leasehold 
INVESTIGATE streetname ASSOONAS KNOWN location 
QUESTION OMV 'Some mortgages concern property being 
sold on the open market, whilst others concern a 
remortgage of a property. #13#Does this case concern 
an open market value sale ?' 
YESNO
NUMBER sale_price 'the sale price' 
price
QUESTION price 'What is the proposed sale price T 
NUMERIC 0 500000 
IF OMV 
ELSE 0.0
QUESTION freehold 'Most new houses are sold 
freehold. In South Wales however there are many 
leasehold residential properties let on long leases.
#13#Problems can arise when valuing for mortgage 
purposes if the unexpired term of the lease is 
relatively short.
#13#Is the subject property freehold ?' 
YESNO
QUESTION lease 'How long has the lease to run ?' 
NUMERIC 1 999 
IF not freehold 
ELSE 0.0
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CONDITION leasedummy 'the leasedummy'
lease >=1
CONDITION shortlease 'the lease is short'
lease <=55
QUESTION leasehold 'What amount is required to be
withheld from the loan as a retention, with which to
buy out the freehold interest under the provisions
of the 1967 Leasehold Reform Act ?
Press A for more detail.'
AMPLIFY 'As a general rule within the Principality
Building Society, it is usually considered necessary
for a lease to have a minimum unexpired term of 30
years remaining after the proposed date of complete
repayment of the mortgage loan. #13#This is in order
to protect the mortgagor against the brevity of the
remaining lease term in case of forclosure of the
loan. #13# As most mortgages are for a period of 25
years I usually recommend purchase of the freehold
in cases where the remaining lease term is less than
55 years as in this case.'
NUMERIC 0 10000






















































Btabercana' ASSOONAS location 








B:gurnos' ASSOONAS location = 
B:heolgerr' ASSOONAS location 
B:mountain' ASSOONAS location 
Brpant' ASSOONAS location =13 
Brpentreba' ASSOONAS location 
Brpenyard' ASSOONAS location 
B:penydarr' ASSOONAS location 
B:penywern' ASSOONAS location 
B:thequar' ASSOONAS location 
B:thomasto' ASSOONAS location 
Bttreodyrh' ASSOONAS location 
























MAKE typeDB 'Middle terraced house'
type_factor =1
MAKE typeDB 'End terraced house'
type_factor =2






MAKE typeDB 'Detached house' ASSOONAS
type_factor =4
MAKE typeDB 'Semi detached bungalow' ASSOONAS
type_factor =5
MAKE typeDB 'Detached bungalow' ASSOONAS
type_factor =6
STRING ageDB MADE
MAKE ageDB 'pre first war' ASSOONAS age_factor =1 
MAKE ageDB 'inter war' ASSOONAS age_factor =2 
MAKE ageDB 'modern' ASSOONAS age_factor =3 




MAKE dateDB DBReadAA(DBfile,'','e','date') ASSOONAS
same_house
MAKE valued_at DBReadNA(DBfile,'','e' , 'returned
value') ASSOONAS same_house
MAKE commentsDB DBReadAA(DBfile,'','e' , 'comments')
ASSOONAS same_house
DISPLAY 'This property was valued at #valued_at# on
#dateDB#, this forms the best evidence for its 
current value.
#13#At that time the following comments were 
made: #commentsdb#'
MAKE AT_END TRUE
ASSOONAS (KNOWN commentsdb) AND (KNOWN datedb) AND
(KNOWN valued_at) AND (same_house)
QUESTION location 'What is the location of the 
subject property within the Merthyr area ?
#13#1 - Abercanaid, 12 - Mountain Hare,
#13#2 - Aberfan, 13 - Pant,
#13f3 - Castle Park, 14 - Pentrebach,
#13#4 - Cefn Coed, 15 - Penyard,
#13#5 - Central, 16 - Penydarren,
#13#6 - Cyfartha Park, 17 - Penywern,
#13#7 - Dowlais, 18 - The Quar,
#13#8 - Edwardsville, 19 - Thomastown,
#13#9 - Galon Uchaf, 20 - Troedyrhiw,
#13#10 - Gurnos, 21 - Twynrodyn,
#13*11 - Heolgerrig, 22 - Ynysfach. ' 
INTEGER 1 22 ONLY
DO DBOpen (dbfile) ASSOONAS KNOWN streetname
QUESTION streetname 'In which street is the subject
property located ?'
ALPHA
QUESTION house number 'What is the house number ?' 
ALPHA
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QUESTION type_factor 'Most houses in Merthyr were 
built at the turn of the century, and are of 
traditional terraced constructional style. There are 
however some areas of more recent housing of 
differing style.
#13# Is the subject property:
#13#1 - a terraced house, 
|13#2 - an end terraced house,
#13#3 - a semi-detached house, 
f!3#4 - a detached house,
#13#5 - a semi-detached bungalow,
INTEGER 1 6 ONLY
#13#6 - a detached bungalow ?
QUESTION age_factor 'What is the age of the subject 
property ?
#13fl - Pre first war,
#13#2 - Inter war,
#13f3 - Modern,
#13i4 - New ?' 
INTEGER 1 4 ONLY
INVESTIGATE house_number ASSOONAS KNOWN streetname 
INVESTIGATE type_factor ASSOONAS KNOWN house__number 
AND NOT same_house 
INVESTIGATE age_factor ASSOONAS KNOWN type_factor
CONDITION same_street 'the same street' street =/
streetname
CONDITION same_house 'the same house' house_number
=/ house_No
CONDITION same_type 'the same type' type =/ typeDB
CONDITION same_age 'the same age' age =/ ageDB
CONDITION steppedonce MADE
CONDITION steppedaround MADE
STRING street MADE 








MAKE house_No DBReadAA(DBf ile, ", 'e', 'house number') 
ASSOONAS KNOWN house_number
STRING type MADE




MAKE type DBReadAA(DBFile,'type',typeDB,'type') 
ASSOONAS (KNOWN typeDB) AND (dbstate = 11) 
(state = 2)
STRING age MADE
MAKE age DBReadAA(DBFile,'','e','age') ASSOONAS
same_type
NUMBER best_unit_value MADE
MAKE best_unit_value 0 ASSOONAS AT_START











ASSOONAS (best_unit_value >0) OR (NOT same_age) OR
(NOT same_type) -
MAKE type DBReadAA(DBFile, " , 'e','type')
MAKE House_No DBReadAA(DBFile,'','e','house number')
MAKE age DBReadAA(DBFile / " ,'e','age')
ASSOONAS (steppedonce) AND (same_street)
NUMBER best_unit_value_2 MADE
MAKE best_unit_value_2 0 ASSOONAS AT_START
MAKE best_unit_value_2 DBReadNA(DBFile, " ,'e','good
unit value')
ASSOONAS (same_street) AND (same_age) AND
(same_type) AND (steppedonce)





ASSOONAS (same_type) AND (same_age) AND (STATE = 2)
AND (dbstate =11)
DO DBStep(DBFile)
MAKE type DBReadAA (DBFi le, ' type', typeDB,' type' )
ASSOONAS unit_value_l >0









MAKE type DBReadAA(DBFile, 'type' ,typeDB, 'type')
ASSOONAS unit_value_2 >0





ASSOONAS (same_type) AND (same_age)
AND (unit_value_2 >0)
DO DBStep(DBFile)
MAKE type DBReadAA(DBFile,'type',typeDB ,' type')
ASSOONAS unit_value_3 >0















ASSOONAS (same_type) AND (same_age)
AND (unit_value_4 >0)
NUMBER unit_value_l MADE 
NUMBER unit_value_2 MADE 
NUMBER unit_value_3 MADE 
NUMBER unit_value_4 MADE 
NUMBER unit_value_5 MADE
MAKE unit_value_l 0 ASSOONAS AT_START 
MAKE unit_value_2 0 ASSOONAS AT_START 
MAKE unit_value_3 0 ASSOONAS AT_START 
MAKE unit_value_4 0 ASSOONAS AT_START 
MAKE unit_value_5 0 ASSOONAS AT_START
NUMBER recno MADE 
NUMBER looprec MADE 
NUMBER state MADE 
NUMBER count MADE
NUMBER final_unit value MADE
MAKE final_unit_value ((unit_value_l + unit_value_2
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+ unit_value__3 + unit_value_4 + unit_value_5) /count) 
ASSOONAS (steppedaround) AND (best_unit_value =0)
MAKE final_unit_value (best_unit_value +
best_unit_value_2)/2
ASSOONAS (best_unit_value >0) AND (best_unit value 2
>0)
MAKE final_unit_value best_unit_value
ASSOONAS (best_unit__value >0) AND (best_unit_value 2
=0) AND (steppedaround) ~
MAKE steppedaround TRUE ASSOONAS (recno = looprec) 
AND (steppedonce)
DISPLAY 'I have no comparable evidence in this 
location on which to base an opinion of value. In 
order for me to continue could you please specify 
another location.' 
ASSOONAS (steppedaround) AND (count = 0)
INVESTIGATE size_factor ASSOONAS KNOWN 
final_unit_value
QUESTION size_f actor 'What is the R.C.A. of the
subject property ?
#13# Press A for more detail.'
AMPLIFY 'R.C.A. or Reduced Covered Area, is the
total floor area of the property measured
externally. This is also known as Superficial Floor
Area. #13# You may express this figure in terms of
square feet or square metres, I will convert the
resulting figure as necessary.'
NUMERIC 0 2500
NUMBER size 'The size of the house' MADE
MAKE size size_factor * 10.763867
ASSOONAS (size factor <= 500) AND (size_factor >=
45)
MAKE size size factor * 1 ASSOONAS size_factor >=
500
CLEAR size_factor
DISPLAY 'This property appears to be ridiculously
small.#13#
Have another go. ' INVESTIGATE size_factor 
ASSOONAS size_factor <= 45
do dbclose(dbfile) assoonas at_quit
NUMBER basic_value 'the basic value of the subject
property'
FINAL_Unit_Value*size*0.0929
NUMBER basic_low 'the low basic value'
basic value * 0.85
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NUMBER basic_high 'the high basic value'
basic_value * 1.15
DISPLAY 'I am so far of the opinion that the market 
value is in the region of #basic_low# to 
fbasic_high#. #13# I will now ask some more 
questions regarding the condition of the property in 
order to further refine this figure.' 
INVESTIGATE factors 
ASSOONAS KNOWN basic_value
QUESTION garage_factor 'Many houses in this area 
have no garages. The presence of a garage, either 
detached from, or contiguous to,the main stucture 
will therefore affect the market value of the 
property.
#13# Does the property under consideration have;
#13i 1- a contiguous garage,
#13# 2- a detached garage, 
f!3# 3- a double garage,
#13# 4- no garage at all ?' 
INTEGER 1 4 ONLY
NUMBER interim_value 'The interim value of the
property'
MADE
MAKE interim_value basic_value * 0.9451 ASSOONAS
garage_factor = 1
MAKE interim_value basic_value * 1.0640 ASSOONAS
garage_factor = 3
MAKE interim_value basic_value * 1.0398 ASSOONAS
garage_factor = 2
MAKE interim_value basic_value * 0.9000 ASSOONAS
garage_factor = 4
QUESTION central_heating_factor 'Many houses today 
have central heating the provision of which is 
becoming generally expected. #13# Lack of central 
heating will therefore tend to reduce the value of a 
particular property in relation to other comparable 
properties in the area. #13# Does the subject 
property have central heating ?' 
YESNO
NUMBER third_yalue 'The third value of the property'
MADE
MAKE third_value interim_value * 0.9 ASSOONAS not
central_heating_factor
MAKE third_value interim_value ASSOONAS
central_heating_factor
QUESTION services_factor 'Similarly, most houses in 
this area have full mains services, the provision of 
which is generally expected.
#13#Lack of these services may therefore reduce tne 




#13#Please confirm that the property has full mains
services by pressing Y.'
CONFIRM
NUMBER fourth_value 'The fourth value of the 
property' MADE





[Second Param is Prior ]
NumProb(Num,Num):Prob
[ Second Param is Prior ]
ProbNum(Prob):Num
Member(Num, Num, Num, Num, Num, Num):Prob
[ Second Param is Prior ] Votes(Any):Cond
[ First Param is Numeric ]
Cat(String, String):String




DBOpen (String): Null [ First param in all DB
routines is filename ]
DBClose(String):Null
DBReadAA(String, String, String, String):String
[ Read alpha given alpha - params are Filename,
Field to scan, Value to find, Field to return ]
DBReadAN(String, String, Num, String):String
DBReadNA(String, String, String, String):Num
DBReadNN(String, String, Num, String):Num
DBWriteAA(String, String, String, String,
String):Null
DBWriteAN(String, String, Num, String, String):Null
DBWriteNA(String, String, String, String, Num):Null




NUMBER market_value 'the market value of the subject
property' fourth_value - (retention_sum + leasehold)
IF structural_repairs
ELSE fourth_value - (repairs_sum + leasehold)
QUESTION structural_repairs 'Are there signs of 
structural failure in the subject property. #13# 
Press A for more detail.'
AMPLIFY 'Examples of visible signs of structural 
failure are :
#13# - Progressive cracking in load bearing walls; 
f!3# - Deformation of apertures in walls;
#13# - Unlevel window sills, heads, and door heads;
#13f - Bulging walls;
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#13f - Sagging roof.' 
YESNO
QUESTION substantial_repairs'Are there repair 
problems which, although they do not affect the 
structural integrity of the subject property, are 
nonetheless of a substantial nature. #13# Press A 
for more detail.'
AMPLIFY 'By substantial I mean are the repairs 
fairly major or likely to be expensive to carry out? 
Examples of such repairs are :
#13# - Extensive roof repairs
#13# - Major window replacement
#13# - Protecting the physical fabric of the
building from ingress of water.'
YESNO
QUESTION structural_survey 'Has a structural survey









QUESTION commission_report 'It would be wise to 
commission a structural report,this will take some 
time and may involve further expense. #13#0n 
completion of the report it may well be the case 
that the property is an unsuitable security for the 
loan. f!3#Do you wish to go to this extra expense ?' 
YESNO
QUESTION retention_sum 'What value was attributed to 
the retention specified ?' 
NUMERIC 0 5000 
IF retention 
ELSE 0.0
QUESTION repairs_sum 'What value is attributable to




QUESTION general 'Disregarding both structural and 
serious repairs which have already been dealt with 
earlier, what is your general impression of the 
subject property with regard to other similar 
properties in the area ?
#13#1 - the subject property is of superior quality.
#13#2 - the subject property is of inferior quality.
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#13#3 - the subject property is of about average 
quality.' 
INTEGER 1 3
NUMBER final_value 'The final value' MADE
MAKE final_value market_value * 1.025 ASSOONAS
general = 1
MAKE final_value market_value * 0.975 ASSOONAS
general = 2
MAKE final_value market_value * 1.000 ASSOONAS
general = 3
NUMBER high_final_value 'the high final value'
final_value * 1.025





ASSOONAS KNOWN market_value AND NOT ANSWERED
commi s s ion_report
DISPLAY 'I am not in a position to assess the market 
value of the subject without a clear idea of its 
structural defects.#13# As it appears that you are 
unable to supply me with this information, but are 
nonetheless keen to proceed with the proposed 
mortgage loan, I suggest that you commission a 
structural survey by a qualified Chartered Surveyor 
or Incorporated Valuer and reconsult this system on 
receipt of the survey report.' 
STOP market_value INVESTIGATE what_now 
ASSOONAS commission_report
DISPLAY 'As the property exhibits signs of 
structural failure, and you are unwilling to proceed 
with the expense of a structural survey, I must 
conclude that this property will form an unsuitable 
security for the proposed loan.#13# I would 
therefore suggest that no further action be taken, 
other than to refuse loan applications to be secured 
on this property, on the grounds of its poor 
structural condition, unless a structural survey is 




ASSOONAS ANSWERED commission_report AND NOT 
commi s s ion_report
DISPLAY 'It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_value#, taking into 
account its location, the prevailing level of house
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prices in this area, and the physical attributes of 
the property itself. #13#This relates sufficiently 
well to the sale figure of #sale_price# to enable me 
to recommend that the mortgage loan be granted up to 
this value, subject to the satisfactory credit 
rating of the mortgagor.
#13#It should be noted however that this valuation 
is also subject to a satisfactory report from the 
relevant solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and 
servitudes;
#13#2 - Road agreements;
#13#3 - Drains and sewer liabilities;
f!3#4 - Any other legal restrictions which may have
an effect on the value of the property.'
INVESTIGATE whatjtlOW
ASSOONAS (OMV) AND (KNOWN final_value) AND
(sale_price >= low_final_value) AND (sale_price <= 
high_final_value)
DISPLAY 'It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_value#, taking into 
account its location, the prevailing level of house 
prices in this area, and the physical attributes of 
the property itself. #13#This does not relate 
sufficiently well to the sale figure of #sale_price# 
to enable me to recommend that the mortgage loan be 
granted up to the sale figure stated. I would 
however fully support a mortgage loan up to a 
maximum of #low_final_value#, and up to
#high_final_value# if necessary.#13# It should 
however be pointed out that you should not feel 
obliged to take my advice on this matter, and that 
loans based on this higher figure should be approved 
by a valuer.
#13#It should also be noted that this valuation is 
also subject to a satisfactory report from the 
relevant solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and 
servitudes;
#13f2 - Road agreements;
#13#3 - Drains and sewer liabilities;
#13#4 - Any other legal restrictions which may have 
an effect on the value of the property.' 
INVESTIGATE what_now
ASSOONAS (OMV) AND (KNOWN final_value) AND 
(sale_price >= high_final_value)
DISPLAY 'It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_value#, taking into 
account its location, the prevailing level of house 
prices in this area, and the physical attributes of 
the property itself.
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#13#This is somewhat higher than the stated sale 
figure of fsale_pricef and it should be noted that 
there may be unusual circumstances surrounding the 
sale.#13# I would recommend that the mortgage loan 
be granted up to the sale figure stated in this 
case, although this advice is subject to any such 
unusual circumstances which may come to light.
#13#It should be noted that this valuation is also 
subject to a satisfactory report from the relevant 
solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and 
servitudes;
#13#2 - Road agreements;
#13#3 - Drains and sewer liabilities;
#13#4 - Any other legal restrictions which may have 
an effect on the value of the property.' 
INVESTIGATE what_now
ASSOONAS (OMV) AND (KNOWN final_value) AND 
(sale_price <= low_final_value)
DISPLAY 'It is my opinion that the market value of 
the subject property is in the region of
#low_final_value# to #high_final_value#, taking into 
account its location, the prevailing level of house 
prices in this area, and the physical attributes of 
the property itself.
#13#It should be noted that this valuation is 
subject to a satisfactory report from the relevant 
solicitors regarding :
#13#1 - Rights of way, easements, wayleaves, and
servitudes;
f!3#2 - Road agreements;
f!3#3 - Drains and sewer liabilities;
#13#4 - Any other legal restrictions which may have 
an effect on the value of the property.' 
INVESTIGATE what_now 
ASSOONAS (NOT OMV) AND (KNOWN final_value)
QUESTION what_now 'What would you like to do now:
#13#1 - End this session,
#13#2 - Cycle round and change 
some of your answers ?' 




ASSOONAS what_now = 2





I/W Inter war property
OLD Pre- first war property
MOD Modern property
DH Detached house
SDH Semi detached house
ETH End terraced house
MTH Middle terraced house
RCA Reduced covered area
C/H Central heating
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PROJECTS UTILIZING MATERIAL FROM THE RESEARCH.
1. The transcripts of interviews held with the 
professional valuers, papers prepared for publication and 
descriptions of the demonstration systems have formed a 
central case study in a book written jointly by the 
author, the Director of Studies and Dr P. Beynon Davies of 
The Department of Mathematics and Computer Science, The 
Polytechnic of Wales. The book, entitled "An Introduction 
to Commercial Knowledge Engineering", is aimed at software 
engineers and computing students and will be published by 
Prentice Hall in early 1989.
2. A second book dealing with expert systems for property 
valuation is being discussed with two interested 
publishers.
3. The Estates Department of Cardiff City Council is to 
shortly register a part-time M.Phil, candidate at. The 
Polytechnic of Wales to investigate the application of 
expert systems to council house sales. This work will draw 
on the research already carried out in the mortgage 
valuation domain. A number of other areas of application 
are also under consideration.
4. The Polytechnic of Wales is currently running a ten- 
week series of short courses relating to expert systems. A 
modified version of the first mortgage valuation 
demonstrator is to be used as a teaching aid.
388
APPENDIX 8
PUBLICATIONS ARISING PROM THE THESIS
1. The Estates Gazette.
Vol. 276. pp 1012 - 1014. 
30th November 1985.
2. The Building Societies Gazette, 
Vol. CXVIII. No. 1431. p 38. 
March 1986.
3. Expert Systems User. 
Vol. 1:10. p 13. 
March 1986.
4. Rating and Valuation, 
pp 111 - 112. 
April 1986.
5. Chartered Surveyor Weekly. 
Vol. 15:7. p 561. 
15th May 1986.
6. The Estates Gazette. 
Vol. 278. pp 694 - 695. 
17th May 1986
7. Expert System User. 
Vol. 2:5. pp 10 - 13. 
August 1986.
8. The Valuer.
Vol. 55:7. pp 230 - 231. 
August/September 1986.
9. Journal of Valuation. 
Vol. 4:4. pp 394 - 405.
1986.
10. Journal of Valuation. 
Vol. 5:2. pp 200 - 212.
1987.
11. The Valuer
Vol. 56:1. p 27. 
January 1987.
12. The Valuer (Australia). 








Expert Systems : The 
Thinking Man's Compu­ 
ter.
Expert Systems and 
Multiple Regression 
Analysis.
Learning to Place a 
Value on Knowledge.
Refining the Art of 
Mortgage Valuation.
Knowledge Elicitation 
from Building Society 
Valuers.
Expert System Shells 
for Valuation.
Multiple Regression 
Analysis and Expert 
Systems.




Vol. 56:2. p 57. 
March 1987.
14. Expert System User. 
Vol. 3:2. pp 14 - 16. 
May 1987.
15. Rating and Valuation, 
pp 171 - 172. 
June 1987.
16. The Building Societies Gazette. 
Vol. CXIX. No. 1450. pp 34 - 35 
July 1987.
17. The Estates Gazette.
Vol. 283. pp 951 - 952. 
29th August 1987.
18. The Estates Gazette.
Vol. 283. pp 1370 - 1375. 
19th September 1987.
19. The Journal of Valuation. 
Vol. 6:1 pp 87 - 101. 
1987.
20. Expert Systems User. 
Vol. 3:10. pp 7 - 9. 
January 1988.
21. Chartered Surveyor Weekly. 
Vol. 22:13. p 34. 
31st March 1988.
22. Chartered Surveyor Weekly. 
Vol. 23:11. p 54. 
16th June 1988.
23. Expert Systems User. 
Vol. 4:4. pp 10 - 14. 
June 1988.
24. Journal of Property Management 
Vol. 6:2. pp 83 - 91. 
1988
25. Journal of Property Management 
Vol. 6:3. pp 187 - 196. 
1988
Information Techno­ 
logy and Building 
Society Valuations.
Getting Prices Right 
in the Housing Boom.
Expert Systems for 
Rating Valuation.
House Valuations - 
Get an Expert Opin­ 
ion.
Mortgage Valuation - 
An Expert System.
Valuation, Shells & 
Take-away Knowledge.
Computer Briefing - 
Expert Systems: Kno­ 
wledge Representat­ 





Don't be Static - 
think Systematic.
Mortgage Valuation - 
Expert Systems to 
the Rescue.
Examining the Prop­ 
erties of Expert 
Systems
Expert Systems for 
Property Managers: 1




1. The British Computer Society 




Department of Surveying. 
9th February 1987
3. Sheffield City Polytechnic. 
"Computers in Property" 
Conference, held in conjunction 
with the Estates Gazette. 
23rd September 1987.
4. Oxford Polytechnic,
Department of Town Planning, 
Evening Research Meeting. 
20th October 1987.
5. R.I.C.S. Headquarters.
Society of Estate Managers 
in Education. 
27th January 1988.
6. The Polytechnic of Wales, 
R.I.C.S. Branch Meeting, 
18th February 1988.
7. The Polytechnic of Wales, 
Internal Research Seminar, 
10th March 1988.
Expert Systems for 
Valuation Surveys.
A Mortgage Valuation 
Expert System.
Expert Systems for 
Valuation Surveyors.
A Mortgage Valuation 
Expert System.
Expert Systems and 
the Valuer.
Valuation Research - 
Practical Applicat­ 
ions (In conjunction 
S.A. Gronow, Senior 
Lecturer, The Poly­ 
technic of Wales).
Expert Systems in 
Valuation & Planning 
(in conjunction with 
M. Leary, Research 




1. Prentice Hall. An Introduction to 
March 1989 ' Commercial Knowledge
Engineering.
TO BE DELIVERED
The Polytechnic of Wales, Expert Systems for
Computer Research and Mortgage Valuations
Commercial Consultancy,




'Residential Valuation Stuart Gronow and lan Scott
Expert systems
_ r , it has been said, is simply a fortune-teller who has acquired professional 
rtiectability'.' As such a certain mystique surrounds the black art of valuation and 
|kf analysis of market sales on which valuation is supposed to be based.
This mystique has eclipsed Ihe real issues of property valuation, leaving the 
(liner's public image somewhere between rune caster, wide-boy and crystal-ball 
gar. Nowhere is this image more prevalent than in Ihe area of residential properly
rtWion.
The expertise on which such valuations are 
jairned to be based is the "feel of the 
market", the "gut reaction", and the "40 
jcarsrnan and boy" argument. While it is 
generally recognised that the "wetted finger 
in ihe wind" approach works reasonably 
well, there are technological advances being 
made that have considerable implications 
[or the valuation profession.
One such advance is the concept of an 
"expert system". In this article it is intended 
10 define these systems, explain why they 
have been developed, and what they are 
currently being used for. We also argue that 
ihe valuation profession cannot simply ig­ 
nore this particular technological develop­ 
ment.
Why build an expert system?
In the words of Tim Mulhall, 2 experts are 
scarce;expensive; busy; fallible; and mortal.
Anything that can reduce the amount of 
repetitive, routine work carried out by the 
expert must accordingly be of value if it 
enables him to devote more time to the more 
complex functions he can be expected to 
perform.
Similarly, anything that assists the expert 
inthebetter performance of his tasks must be 
worth while. Who would confidently, or 
competently, assess property values in the 
absence of comparable evidence?
Finally, any system that can provide useful 
information in the absence of an expert can 
provide second opinions to back up a less 
experienced practitioner's own assessment 
of a given situation, should an immediate 
decision be required.
Current uses
Originally expert systems found favour 
*iih the medical world, where they have 
been developed, and are currently in use, 
iutralia, for thediagnosis of blood diseases, 
tag complaints and as teaching aids.
H1 in «s, 4KH s I/flu i\ a senior lecturer in 
" m«lat <lit Polytechnic of H'ule\. lun Scon XV
e mean, -h assistant ai ihepolyin 'hnic 
the application of expert systems iu ihe 
""" 'ton of vacant possession dwelling-houses.
More recent applications involve pro­ 
fessions more closely linked with our own: 
expert systems are now being used for 
accountancy, taxation and certain legal 
applications. The BRE already use such a 
system to study moisture penetration, and 
research is being carried out into the applica­ 
tion to quantity surveying and management 
decision-making.
Definitions
First, what do we mean by "expert". Skill 
arises from the possession of expert knowl­ 
edge and experience in a specific subject 
area. Skill grows as more experience is 
gained until a point is reached at which a 
practitioner in a given field would be termed 
an expert. And experts can and do act with 
incomplete information, asking only necess­ 
ary and relevant questions of a client, in 
order to arrive at a conclusion which can be 
recommended as a course of action.
An expert system aims to reproduce these 
skilled functions to a level at least equivalent 
to that of a human expert. To borrow a 
phrase from Donald Michie, a leading 
authority in the field, they are "systems 
whose goal it is to perform as advisory 
consultants, exhibiting human expertise in 
given areas, with self-explanation of reason­ 
ing on demand".1
In its basic form the expert system is a 
computer program containing a bank of 
knowledge and a mechanism which can 
manipulate that knowledge. This knowledge 
manipulator is known as the "inference 
module". It is this module that animates the 
knowledge into a dynamic decision-making 
system able to infer relationships, and reason 
logically.
The knowledge is obtained from basic 
research in the chosen field, usually by 
means of exhaustive interviewing. It is then 
formalised into facts, relationships, and 
general rules of thumb by the programmer 
and the inference module. Once the system is 
complete it should be able to operate as 
described above.
Such a description, however, is simplistic. 
The transfer of knowledge from the human 
expert to the system is complex and time 
consuming, as is the creation of the inference 
module itself. This latter problem can be 
solved, at least partially, by the use of a ready 
made system known as a "shell". These 
shells are simply empty expert systems 
containing the inference module, but await­ 
ing the knowledge which will turn them into a 
useful element in a given field: some can be 
bought for as little as £400.
The valuation profession
Once commissioned, expert systems can 
release professionals from mundane repeti­ 
tive tasks, provide consistent data, rapid
analysis and furnish second opinions. They 
are also able to explain the reasoning behind 
a particular course of action that they 
recommend. This self-justification feature is 
of special value in areas where the user must 
not only be presented with information, but 
must also be convinced of its yalidity .'
Certainly the production of data and 
machine-synthesised knowledge will go a 
long way to hardening up a professional's 
case should he be called on to justify a 
particular course of action. (This is a func­ 
tion becoming increasingly important, judg­ 
ing from the amount of correspondence 
published regarding professional indemnity 
insurance.)
Some areas of specialisation are more 
readily adaptable to expert system develop­ 
ment than others. Particularly suitable are 
situations where the expertise is already 
encapsulated in a series of rules, laws and 
regulations, with the expert deploying his 
knowledge of those criteria and when they 
are applicable. Compulsory purchase and 
rating valuation fulfil several of these cri­ 
teria, and it is to be expected that such areas 
will be among the first to benefit from the 
introduction of expert systems on a wide 
scale within the valuation profession.
Other areas where the valuer's skill is less 
tangible will remain more problematic. 
However, it can be argued that the only 
reason for the intangibility of that expertise 
is the reluctance of the professionals in­ 
volved to undertake sufficient analysis of 
their skills to enable the formulation of the 
required rules and relationships.
We are led to believe that methodical 
analysis of previous transactions forms the 
basis of residential property valuation. 
While it is clear that the UK profession as a 
whole has steadfastly resisted any attempt to 
rationalise the valuation process so far, it is 
equally clear that a "Luddite" attitude 
towards computer-aided valuation will 
assuredly lead to further incursions from 
other professions already all too eager to 
take over our traditional market role.
Future development
The results of further development work 
must lead not only to more efficient expert 
systems but also to improved understanding 
of the processes of valuation. The research 
currently being undertaken here at the 
Polytechnic of Wales investigates the appli­ 
cation of expert systems to the valuation of 
vacant possession dwelling-houses. One ob­ 
jective of this research is to ensure that as 
valuers we have access to, and are willing to 
adopt, new technology in the race to stay 
ahead of competing professions. We are not 
seeking to replace residential valuers, merely 
to ensure that the foremost authorities on 
residential property values will continue to 
be chartered surveyors and not economists, 
actuaries or solicitors.
It is not envisaged now, nor in the fore­ 
seeable future, that expert systems will 
become oracle-like mechanisms which re­ 
place an expert in a given field. They are 
intelligent knowledge-based techniques 
which should be used in conjunction with all 
other available lools in an effort to carry out 
the task required of the expert.
The poiential of expert systems is the
1014 >
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News_______
Average yields flat
glier Parker say that the average yield for "all property" re- 
Lied level over the summer quarter, at 7.2%, despite a 
?J5«fo rise in prime shop yields.
As in previous quarters, small have become wary of prime
shops where yields are low and__ ; were seen both at the 
*Lf end of the shop market 
Stile suburban office market, 
Ki the upward movements were 
ui enough to disturb the over- 
,1 average yield.
Average yields for the shop, 
,ffice and industrial sectors 
0d at 4.91%, 7.02% and 
10.431/t respectively at the end of 
November. The prime rates were 
jjiH.4.75% and 8%.
The agents comment that dur- 
U the last six months investors
rents are high. They say the 
reason for this is not lack of 
rental growth but the realisation 
that higher yielding shops pro­ 
duce just as good a rent as prime 
— higher yields reduce the 
growth needed to match invest­ 
ment and reduce risk.
Accordingly, Hillier Parker 
believe that "investor activity in 
the prime end of the market has 
become thin and as a result 
prime shop rents have risen".
Multi choice in
City
Mutual of Omaha are assigning 
lit remaining three years of their 
toe on 6,720 sq ft in Colonial 
Douse, Mincing Lane, EC3, 
tough Knight Frank & Rutley.
Current rent is £17.50 per sq ft 
for ihe recently refurbished 
ipace, but KFR are offering a 
tlioice of three deals — effective- 
ly reverse premiums.
Tenants may elect to pay only 
E.50 per sq ft for the first year 
ud £17.50 per sq ft thereafter or 
fliOforthe first 18 months ris­ 
ing 10£17.50 for the second half 
if ihe term or £12.50 per sq ft 
fcnhe three years to December 
18.
KFR say that tenants may then 
iuble to negotiate new leases 
"ilh [he landlords, the 
Prudential.
flying in City
Wus Investments have won con- 
«for an enlargement of their 
finned scheme at 115-124 
%>te Street, EC1. 
In April, Fidus were granted 
inline permission for a 
"foelopment behind the ex- 
*g facade for a shop and of- 
'« development. They sub- 
qwmly applied to the City 
""ncil for an increase in office 
1|la«of 2,331 sq ft and a reduc­
tion in retail space by 469 sq ft. 
The revised scheme, on base­ 
ment, ground and four floors, is 
to have 37,038 sq ft of offices and 
12,776 sq ft of shopping designed 
by Davis & Baine.
The revision also includes the 
Viaduct Tavern at no 126 and a 
building owned by Christ's 
Hospital at 114 Newgate Street.
However, the extra space is 
principally being provided by a 
cantilever over the King Edward 
Street Post Office yard, a flying 
freehold, currently under 
negotiation. The Post Office rais­ 
ed no objections to the 
oversaving.
The scheme, which will also in­ 
clude an aracaded pavement to 
accommodate road widening, 
will not begin until an ar­ 
chaeological dig has been carried 
out. The western third of the site 
is believed to contain part of the 
Roman City Wall.
Herring Son & Daw are advis­ 
ing Fidus.
ROAC dinner
The Regional Office Agents Club are 
holding their annual dinner at the 
Mayfair Hotel, Berkeley Street, Wl, 
on December 4. The guest speaker is 
lan Wooldridge, the Daily Mail 
sports columnist, while the host is 
John Butler of Butler Rosythe.
Tickets, at £24 per head, are avail­ 
able from Howard Woollaston at 
Knight Frank & Rutley (01-629 8171).
Victory Land, the development 
company run by Paul Jackson 
and in which Peter de Savary 
has an interest, have lei 
Westwood House, Stanhope 
Gate, Wl, to Midland Bank 
for their international private 
banking division. Funded by 
Royal Life, the project has 
14,696 sq ft of offices 
following the £1.5m 
refurbishment scheme, 
supervised by the Rolfe Judd 
Group and completed in July. 
The asking rent was £415,000 
pa, though the figure achieved 
is believed to be closer to 
£400,000. The developers say 
the building has an investment 
value of £7m. St Quintin acted 
for Royal Life and were 
retained as letting agents with 
Conway Relf Stanton.
43 Upper Grosvenor Street, 
Wl, which London City & 
Westcliff Properties have let to 
Alliance Capital Management 
Internationa] at £100,000 pa. 
This figure, which equates to 
£13.50 per sq ft on the 
7,400-sq ft building, is thought 
to be low because the 
building, like others in 
Mayfair (see November 16 
p 729) is threatened by its 
temporary plannning consent. 
Alliance have taken a new 
25-year lease, although this 
may be determined in 1990 
when the consents lapse. The 
third and fourth floors, 
however, have been sublet on a 
five-year lease to Rowan 
Companies Inc at £30,000 pa, 
which is £16 per sq ft. The 
subtenants were advised by 
Knight Frank & Rutley, 
Alliance Capital by De Groot 
Collis, and London City & 
Westcliff by Daniel Watney 
Douglas Young.
6-acre Glos sale
Britannia (Cheltenham) have 
bought a 6-acre site at Staverton, 
midway between Gloucester and 
Cheltenham, from the receiver of 
Modern Engineers, whose sub­ 
sidiary, Modern Building Ser­ 
vices, were developing the land 
before the company collapsed. 
No price has been disclosed, but 
offers of about £500,000 were 
being sought.
The purchasers will complete 
the infrastructure required for 
manufacturing facilities, to be 
known as Staverton Technology 
Park. No speculative space will 
be built. Plots are to be available 
for freehold design-and-build
packages from £110,000 per acre.
Negotiations are currently 
under way with a m- nber of 
companies interested in 30,000 to 
35,000 sq ft. Eventually the site 
could hold 90,000 sq ft of space.
Stanley Alder & Price 
represented Britannia and have 
been retained as marketing 
agents with Henry Butcher & Co.
£100,000 Paradise
Hales & Partners advised Adley- 
heath on the purchase of Fine 
Fare's leasehold interest in the 
Shopper's Paradise at 119a High 
Street, Northallerton, Yorks, at a 
passing rent of £19,500 pa for a 
premium of £100,000, reported 
on November 16 at p745.
41012
•EVIDENTIAL VALUATION
•'"> 10command knowledge and thereby 
'Kriise". [he practitioners who advance 
nwinodology of these systems stand to
™«iemosi from their use, and eventual 
Plance.' The most significant fact aboutaTiLsys ! ems in olher sect ° rs js thai ine >r
I* highly successful, often out-per- 
^ '"8human experts within a given field.
•"ofessional valuers, ignorance of these
systems is just not a viableoption. Nobody in 
[he information business can afford to adopt 
a wait-and-see attitude because Ihe future 
has already begun.'1
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TECHNOLOGY
The true value of 
an expert
HOUSE buyers are often under the 
•)inpression that surveyors charge £200 
{or glancing out of a car window at 
their prospective homes en route to a 
"proper" job.
In a few cases this picture might not 
be that far from the truth, but what 
liouse buyers do not appreciate is that 
valuation is an art. What might appear 
to be a perfunctory inspection of a 
property is the result of experience 
built over many years in gaining a "feel 
for the market".
Flattery
But no matter how good valuers and 
surveyors might be at their job, they 
still do not command much flattery 
among purchasers. Perhaps their 
image might be enhanced with the 
appliance of a little more science.
A team of researchers at the 
Polytechnic of Wales is working on an 
"expert" system for the valuation of 
properties for the purposes of a mort­ 
gage loan, using the expertise of the 
Principality Building Society's valua­ 
tion department.
Expert systems are an exciting 
offshoot of the search for artificial 
intelligence in computers. Basically, 
such a system encapsulates human 
expertise in a given specialist field. 
Computers still cannot think like 
humans. They have little capacity for 
improvisation and don't know when to 
stop following a fixed set of rules.
Expert systems go part of the way. 
The programming involved enables 
each system to solve a question, such 
as "how much is this house worth", by 
analysing a data bank in a similar 
fashion to a human. This is made 
possible by an 'inference module' 
that applies 'if, then' rules to the 
process of solution.
If this sounds simplistic, the reason
is that the human brain is an incredibly 
complex piece of engineering, and just 
simulating a particular expertise 
involves lengthy and difficult pro­ 
gramming.
Residential valuations are based on 
comparison with similar properties. 
Although most valuers would have 
difficulty in formalising the rules by 
which they operate, there is an under­ 
lying rationality.
Some properties are more difficult 
to value than others. lan Scott, one of 
the researchers involved in the pro­ 
ject, argues that an expert system 
could reduce the amount of time spent 
on routine valuations and allow 
greater devotion to more difficult 
properties.
Back-up
Mr Scott also claims that such a 
system could be used to back up a 
valuer in case of any discrepancy 
arising. Expert systems can, addition­ 
ally, provide useful information in the 
absence of an acknowledged expert in 
a particular area to back up the 
opinions of a less experienced 
practitioner.
The system being developed at the 
Polytechnic is not aimed at replacing 
valuers, Mr Scott emphasises. Its use 
will be similar to those expert systems 
already developed for other profes­ 
sions such as accountants, lawyers and 
tax experts.
The team hopes to have a prototype 
by the end of this year, which will 
obviously be based on the Principal­ 
ity's valuation procedures.
However, if there is a likelihood of 
commercial success, a cut-down sys­ 
tem could be launched for around 
£1,000. Individual valuers could then 
enter their own particular expertise 
for the system to work on.
MARKETMASTER (right) 
is a real-lime funds manage- 
ment system and financial 
database from Merrill 
Lynch and Innovative Mar-
*« Systems. It provides 
formation and analysis of 
o wide range of investments, 
from government and 
corporate bonds to mort-
#>«« and commodities. It 
fan be used to analyse 
folds, swaps and hedges, 
end any security or index 
can be evaluated either by 
fundamental or technical
BOOK REVIEW
What about the 
customer?
Plastic and Electronic Money, by 
Patrick Frazer. Woodhead-Faulkner. 
294 pp. H/b. £35.
BOOKS like this have a tendency to 
appear at critical moments in a chang­ 
ing market. As new developments 
seem to be announced every day, and 
the number of options available seems 
to make choice almost impossible, 
someone is usually provoked to write 
it all down.
In Plastic and Electronic Money, 
Patrick Frazer has done just that and 
has combined it with a penetrating 
look at the future.
Throughout the book he seems dis­ 
affected by the attempts to plan the 
introduction of new forms of funds 
transfer. He recognises instead that 
these new developments — moves 
into shared ATM systems, EFTPOS 
or home-banking — are happening, 
and will continue to happen, as a series 
of experiments or isolated projects.
Eventually, of course, all these indi­ 
vidual solutions will share with one 
another — but each different situation 
will by then have a tailor-made form of 
funds transfer rather than a standar­ 
dised version. Mr Frazer does sound a 
note of caution where he points out — 
especially in the case of EFTPOS — 
that retailers are worried about con­ 
fusing and unnecessary duplication.
Particularly with EFTPOS, 
however, he is quick to point out that 
there are sufficient real benefits to 
hold out quite a bright future for it. 
Most of the book concerns itself with 
the retail end of things. Personal bank­ 
ing, the growing retailer involvement 
in the market place, and the moves 
by building societies to change their 
traditional activities all come under 
scrutiny. It is surprising, therefore, 
that the actual recipient of all these 
new services — the customer — is not 
considered other than in occasional 
references.
The huge change in how customers 
view the provision of banking and 
related services is illustrated only 
occasionally in reference to specific 
changes.
Nevertheless, Plastic and Electronic- 
Money provides an excellent and 
stimulating reference for anyone 
concerned with the future of money
transmission.
Rob rarbrotner
Mr Farbrothvr i\ chief runn/ir of h'linih 
Transfer Shiirinx l.ltl.
I In' Hutldini; .V
Two beginners in expert systems  
Stuart Gronow and lan Scott of the 
Polytechnic of of Wales  describe their 
experiences in shell selection.
Selection in action
I* fHEN we decided to investigate 
I/If uses of expert systems in prop-
f W erty evaluation, we made an 
iiitial decision that the research would 
lie earned out by a qualified valuation 
wrveyor.
This mean that our work would use an 
apert system shell rather than a purpose 
(nit expert system. So we had to 
(onsider the relevant criteria for evaluat­ 
ing a shell for our research, and hope to 
offer advice to others based on the 
operience we gained.
To start with, we undertook a compre- 
tasive literature search to establish
•tether any other research had been 
tarried out into expert systems for 
property valuation. We found little 
felly related work although we 
obtained many references to expert 
lystems in general which we duly fol­ 
lowed up. We also contacted manufac­ 
ture of shells who provided their own 
promotional material. 
In addition we attended conferences 
where system manufacturers demons­ 
trated their products. We found this was 
probably the most useful of the three 
investigative techniques. It offered a first 
hand view of currently available systems, 
questions could be answered immediate­ 
ly, and the fact that all, or nearly all, 
lystems available were on display mini­ 
mised the chances of missing out. 
After an initial reading period we had 
stablished a clear idea of the capabili- 
te of expert systems. 
Similarly we had largely completed an 
'valuation of the requirements of an 
"pert system for property valuation. 
On the basis of this investigative work
*e drew up the requirements of the 
Property valuing expert system.
We considered eight factors in all.
1. The system should arrive at an 
"acceptable" value for a property when 
relevant data concerning that property is 
input to the system.
2. Property valuation is based on com­ 
parison with other buildings of similar 
type and location. So a database of 
comparable properties would therefore 
be necessary, either within the system, 
or more probably external, and accessed 
as necessary by the expert system. This 
element suggested a rule induction sys­ 




methodology reinforced this opinion still 
further. An induction system could 
therefore provide a good basis on which 
to build a representation of a valuer's 
expertise.
3. Knowledge about the values of vari­ 
ables changes over time and it may not 
be possible to express it with any certain­ 
ty. Further, much of a valuer's skill is 
based on experience, so an element of 
uncertainty would be required. After 
discussion, we considered that we could 
satisfy this requirement by using a pro­ 
duction rule system rather than the 
Bayesian inference network.
4. Similarly we would need to use a 
degree of uncertainty when comparing 
similar properties. We considered the 
choice of numerical or fuzzy set type 
probabilities.
5. Ease of system construction was a 
quite major factor. This project is being 
carried out by surveyors with limited 
exposure to computer technology.
6. We also though it important that the 
finished system should be easy to use. 
Many of the anticipated end users are 
not familiar with computers.
7. We had to take into account the 
hardware available. Both Vax and DEC 
facilities are used within the Polytechnic. 
However we think that end users would 
be most likely to have IBM PC and 
compatibles. This hardware is also avail­ 
able within the Estate Management 
Department and was therefore adopted 
as the basis for the project.
8. As a final factor we considered cost. 
As an academic venture most software is 
cheaper for us, but we also wanted to 
bear in mind cost to the end user.
Obviously the constraints we have 
considered are peculiar to our project 
and the timescale involved. We would 
however suggest that the methodology 
of our choice is applicable across the 
range of expert systems applications.
Probably the best method of choosing 
a shell would be: to use the available 
literature to cut out the obvious non- 
starters; attend conferences to see the 
remaining systems in action; and then 
contact manufacturers when the final 
choice of system is being made from the 
resulting shortlist.
In this way the choice can be made 
logically, efficiently and most important 
of all, successfully.____________
D Stuart Gronow is a senior lecturer in 
Valuation at the Polytechnic of Wales. 
D lan Scott is a full-time research assistant 
investigating the application of expert systems 
to the valuation of residential property.
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Expert Systems
Stuart Gronow, MA, BSc, ARICS, Senior Lecturer in Valuation, and lan Scott, BSc, 
Research Assistant, Department of Estate Management and Quantity Surveying, 
Polytechnic of Wales
M present the application of computer 
Hid related techniques to valuation 
wrk in general is in its relative infancy. 
In this article, Stuart Gronow and lan 
Scott, who are investigating expert sys- 
tems in relation to the valuation of re- 
sidential property at the Polytechnic of 
Vales, point to a number of areas where 
(hey can be applied with the greatest 
benefit, including rating revaluation 
nob and building society mortgage 
valuations.
Expert systems are currently in vogue. Both 
generally in the national press and more 
specifically in the property journals, the ap­ 
plications to which these systems are put are 
being described and explained. The Govern­ 
ment under the auspices of the Alvey Directo­ 
rate is spending £350m over five years to 
develop a wide programme of new computer 
technology of which expert systems form a 
not insignificant part.
The RICS is already involved in expert 
systems through the quantity surveying divi­ 
sion. A sum of £200,000 is to be spent on 
making quantity surveyors aware of the 
potential of expert systems; it is to be ex­ 
pected that further applications in other bran­ 
ches of the surveying profession are awaiting 
only the research required to produce work­ 
able systems.
The research currently being undertaken at 
the Polytechnic of Wales in conjunction with 
the Principality Building Society in Cardiff, is 
investigating the application of expert sys­ 
tems to the valuation of residential property. 
It is anticipated that the experience gained 
will result in the methodology of expert 
systems being applied across a wider range 
of valuation problems.
Expertise of a Human
The aim of an expert system is to capture the 
expertise of a human within a computer 
program, so that the program can be used as 
a consultant in that particular field of exper­ 
tise. The main advantages of expert systems 
are that they are constantly available, consis­ 
tent in judgement, relatively cheap and have 
excellent memories when compared with 
human experts. They can also deal with large 
quantities of data when this is available; yet 
they can also offer advice in the absence of 
complete information, much in the way that 
human valuers are often required to work.
Expert systems are currently being used by 
accountants, tax experts and lawyers. A re­ 
cent report indicated that Wall Street brokers, 
Morgan Stanley, attributed $1m of its $15m 
profit in arbitrage last year directly to the use 
of expert systems, advising on how to take 
advantage of different prices in markets. 1 
Expert systems have therefore very practical 
applications in the business world.
There are currently available two types of 
expert systems, the custom built expert sys­ 
tem and the expert system shell. The custom 
built expert system may cost in the region of 
£1m and is clearly beyond the reach of most 
professions. The expert systems shell on the 
other hand is simply an empty expert system 
requiring only the specialist knowledge to 
turn it into a useful consultancy aid. Some 
shells can be bought for as little as £400; the
risks then are small when compared with the 
potential gains.
Rating Application
For the general practice surveying profession 
it is likely that expert systems will be used to 
release professional valuation staff from 
mundane repetitive tasks, provide consistent 
data as well as rapid analysis of information 
and furnish second opinions. It is considered 
that several areas of property valuation will 
be especially suitable for expert systems' 
application. Assuming the rating system is to 
continue in its current form, it is generally 
accepted that one of the most pressing needs 
at present is the revaluation of rateable prop­ 
erty in England and Wales. This can best be 
undertaken by the extensive use of modern 
mass appraisal techniques.2 It is also true to 
say that rating valuations, and perhaps to a 
lesser extent compulsory purchase valua­ 
tions, are largely based on a series of rules, 
laws, patterns and regulations, the consul­ 
tants being considered expert by virtue of 
their knowledge of these criteria and when 
they are applicable.
Likewise building society mortgage valua­ 
tions tend to follow an established routine in 
many cases. It is this type of valuation which 
can be largely performed by expert systems 
subject only to a final 'polish' by human 
valuers. This will enable valuers to spend 
more time on the more complex cases which 
may come before them.
Intelligent Assistants
Expert systems can in short act as intelligent 
assistants to overstretched human valuers. 
What is different about expert systems when 
compared with conventional programmes, 
for example multiple regression analysis, is 
that they can also explain the reasoning 
behind a piece of advice they may recom­ 
mend. This explanation feature is of particu­ 
lar value where the system user must be 
convinced of the validity of the information 
with which he is being presented.
For example, if the expert system were 
being used in its 'second opinion' role and 
produced an unexpected value for a property, 
the valuer could ask the computer why it 
arrived at that figure rather than a figure 
nearer the valuer's own conclusion. The com­ 
puter would then explain its reasoning, dur­ 
ing which process the human valuer would 
either detect an error in the machine's 
reasoning or find that the omission was in his, 
or her, own valuation. This would be far 
quicker than if a conventional multiple re­ 
gression based technique was used, as this 
would merely leave the valuer to wonder just
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^y the values were different, yet with no 
explanation as to the cause.
of Valuations
The expert system then acts as a prompt, 
pointing out possible courses of action the 
valuer may overlook. This will clearly im­ 
prove the consistency of valuations, even if 
those computer recommended courses are 
eventually rejected, as all possible factors will 
have been taken into account. There is a 
further advantage in that, where expert sys­ 
tems are already in use, the very fact of their 
existence tends to improve the accuracy of 
human experts, who seem to take a little 
more care over every case presented to them. 
This increase in consistency and accuracy 
should help in answering criticism aroused
by reports of unreliability in property valua­ 
tion reported in the press.3 Similarly the 
production of data and computer sy nthesised 
knowledge will go a long way to hardening up 
a professional opinion, traditionally justified 
by an intangible "feel of the market", should 
that opinion be questioned in the courts. Who 
knows? The cost of the expert system could 
be met by the savings in professional insur­ 
ance indemnity.
Footnotes
1 The Guardian -25/11/85.
2 Rating and Valuation (Editorial), - October 1985.
3 Case Study Mauls Valuations, Chartered Sur­ 
veyor Weekly- 24/1/85 at p 181. 
See also
Is an expert system the answer to your problem?, 
Building - 6/12/85 at p 65.
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Book Review
An Introduction to Rating Law and Practice in 
Scotland. By Alexander Brown, FCCA, ARVA.
The original document An Introduction to 
Rating prepared by W M Taylor in 1977 for 
incorporation in volume 29 of the Chartered 
Institute of Public Finance and Accountancy's 
Financial Information Service has been up­ 
dated by Alexander Brown, who is the assis­ 
tant director of finance to Borders Regional 
Council.
Whilst the publication is primarily intended 
for rating practitioners and students, the 
author stresses that it is a guide only and that 
reference should be made to the appropriate 
statutory authority provisions in cases of 
doubt. Details of the current statutory rate 
rebate scheme are not included since these 
are dealt with in the Department of Health and 
Social Security's publication and this Asso­ 
ciation's Housing Benefits-Law and Practice.
Comprehensive coverage of the subject 
matter is included in forty odd A4 size pages 
and arranged in 338 paragraphs. The subjects 
in outline are valuation, valuation appeals, 
determination of the rate, the assessment 
roll, liability for rates, payment of rates, re­ 
covery, exemptions and reliefs, domestic 
water rate and rate products.
Interest in this publication is not likely to be 
limited to those for whom the author intends 
it. It will surely be informative and helpful to 
rating practitioners south of the border with 
interests north of that line even with the 
author's caveat that it is a guide only. This 
updated version is to be incorporated in 
volume 20 of the chartered institute's Finan­ 
cial Information Service.
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SPECIAL REPORT COMPUTERS
Expert systems: the thinking 
man's computer
Expert systems, by capturing human expertise within a computer 
program, seek to explain the reasoning behind the advice they 
present. What are the implications for surveying? 
Stuart Gronow and lan Scott investigate_____________
Expert systems can release professional valuations staff from repetitive tasks
E xpert computer systems are currently in vogue, and the applications to 
which they are put are being 
described both generally, in the 
national press, and specifically, 
n property journals. Under the 
auspices of the Alvey Directo­ 
rate, the government are spen­ 
ding G50 million, over five 
years, on developing a wide 
irogramme of new computer 
echnology, of which expert sys- 
cms form a significant part. 
As reported in CSW 1 . the 
MCS are already involved in 
rt systems through the 
Quantity Surveying division, 
urthcr applications in other 
•ranches of the surveying pro- 
cssion await only the research 
cquired to produce workable 
/stems.
Currently the Polytechnic of 
'ales, with the Principality 
uilding Society in Cardiff, are 
vestigating the application of 
<pcrt systems to the valuation 
'residential property. The ex- 
«ricncc gained should lead to 
c methodology behind expert 
retcms being applied across a 
der range of valuation pro- 
cms.
The aim of an expert system is 
rapture a human's expertise
within a computer program, 
enabling the program to be used 
as a consultant in that particular 
field of expertise.
The main advantages of ex­ 
pert systems are that they are 
constantly available, consistent, 
relatively cheap, and have ex­ 
cellent memories when compa­ 
red with their human counter­ 
parts. Expert systems can also 
deal with large quantities of data 
when available, yet can also 
offer advice in the absence of 
complete information; much in 
the way that human valuers are 
often required to work.
Accountants, tax experts, and 
lawyers all currently use expert 
systems. A recent report indica­ 
ted that Wall Street brokers 
Morgan Stanley last year attri­ 
buted $1 million of their $15- 
million profit in arbitrage to the 
use of expert systems'. In the 
business world, expert systems 
have, therefore, very practical 
applications.
Two types of expert systems 
are now available: the custom- 
built expert system, and the 
expert system shell. The 
custom-built expert system may 
cost about a million pounds and 
is clearly beyond the reach of 
most professions. On the other
hand, the expert systems shell is 
simply an empty expert system, 
requiring only specialist know­ 
ledge to turn it into a useful 
consultancy aid. Some expert 
shells can be bought for as little 
as £400; the risks then are small 
when compared with the poten­ 
tial gains.
For the general practice sur­ 
veying profession it is likely that 
expert systems will be used to 
release professional valuation 
staff from repetitive tasks, pro­ 
vide consistent data, analyse 
information rapidly, and furnish 
second opinions.
Several areas of property va­ 
luation are particularly suitable 
for expert systems application. 
Compulsory purchase and ra­ 
ting valuations are largely based 
on a series of rules, laws, pat­ 
terns, and regulations. The 
consultants are considered ex­ 
pert by virtue of their 
knowledge of these criteria and 
when they apply.
Likewise building society 
mortgage valuations tend usual­ 
ly to follow an established rou­ 
tine. It is this type of valuation 
which can be largely performed 
by expert systems, enabling hu­ 
man valuers to spend more time 
on the more complex cases.
Expert systems can, in short, 
act as intelligent assistants to 
human valuers. What is diffe­ 
rent about expert systems, when 
compared with conventional 
programs, is that they can also 
explain the reasoning behind a 
piece of advice they recom­ 
mend. This feature is of particu­ 
lar value where the system user 
must be convinced of the validi­ 
ty of the information he is 
presented with.
For example, if the expert 
system were being used in its 
'second opinion' role, and pro­ 
duced an unexpected value for a 
property, the valuer could ask 
the computer why it arrived at 
that figure. The computer would 
then explain its reasoning. Du­ 
ring this process the human 
valuer would either detect an 
error in the machine's reaso­ 
ning, or find that the omission 
was in his/her own valuation. 
This would be far quicker than 
if a conventional multiple- 
regression-based technique was 
used, as this would leave the 
valuer to wonder why the values 
were different, while providing 
no explanation as to the cause.
The expert system thus acts as 
a prompt, pointing out possible 
courses of action the valuer may 
have overlooked. This will 
clearly improve the consistency 
of valuations, as all possible 
factors would be considered, 
even if those computer recom­ 
mended courses are eventually 
rejected.
There is a further advantage. 
Where expert systems are al­ 
ready in use, their mere exis­ 
tence tends to improve the accu­ 
racy of human experts, who 
seem to take more care in their 
work. This increase in consis­ 
tency and accuracy should help 
in answering criticism raised by 
the press of unreliability in pro­ 
perty valuations.
Similarly, the production of 
data and computer-synthesised 
knowledge will go a long way to 
hardening-up a professional 
opinion, traditionally justified 
by a 'feel of the market,' should 
that opinion be questioned.
Who knows, the cost of the 
expert system could be met by 
the savings in compulsory pro­ 
fessional indemnity insurance?
References
1 Expert systems: What's that? CSW 7 
November 1985, p503
2 The Guardian, 25 November 1985. 
1 Case study mauls valuations, CSW 24 
January 1985. plHI.
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Expert systems and multiple 
regression analysis
Two of the approaches currently available for the computer-assisted valuation of 
property are the use of multiple regression analysis (MRA), and the application of 
expert systems.
MRA relies on massed data, and the straightforward calculating power of 
conventional computer systems, to produce a mathematical equation with which to 
value property. The method is widely employed in America and can certainly be 
med to enhance the accuracy of valuations where a statistical relationship exists 
between the value and physical characteristics of property.
An expert system for property valuation, house with the porch achieved a figure of
on the other hand, depends crucially on the 
capture of the true nature of the procedure of 
the professional valuer. It will be able to 
deduce logically, use general rules of thumb 
and give opinions, even when faced with less 
lhan complete information. In short it 
should, in large part, be able to reproduce the 
function of the human valuer.
The valuation of vacant possession resi­ 
dential property is usually based on direct 
comparison with other similar properties, 
the values of which are already known. Here 
the valuer attempts to gather information 
concerning as many different transactions 
involving similar property as possible to 
reduce the possibility of freak values affect­ 
ing the comparability of the chosen 
examples. However, the process is subjective 
and based on experience and rules of th umb: 
there is, therefore, room for error and 
misjudgment.
Multiple regression analysis
MRA techniques for property appraisal 
have been available — although little used in 
[he UK — for a relatively long time. Some 60 
years ago in the USA a relationship between 
price per acre of farmland and four indepen­ 
dent variables was demonstrated using the 
technique.
With the development of computer facili­ 
ties able to process large amounts of infor­ 
mation, regression analysis of even complex 
data has become relatively straightforward, 
leading to its extensive use abroad. For 
property valuation, the data required are the 
physical attributes of subject properties and 
iheir market values. To take a simple 
example, suppose we have two similar and 
adjacent houses, one having had a porch 
added. On sale under the same conditions the
***' Cfoitow MA BV< AHICS (left) is a senior lecturer in 
I™"*"! al the Polytechnic of Wales; lan Scon «v. K u 
'Him research assistant investiitaling the application 
I t'ftn systems to the valuation of residential prop-
£30,250, and the house without £30,000. 
From this we could, other things being equal, 
conclude the value of the porch to be £250.
This is what happens in MRA, but on a 
much larger scale. Massed data concerning 
basically similar houses is fed into the 
computer. The computer can then be used to 
derive relationships between the variables in 
that massed input of information. Once 
sufficient analysis is undertaken, a math­ 
ematical equation can be derived using MRA 
techniques. This equation can then be ap­ 
plied to similar unsold properties to yield an 
assessment of market value.
MRA has been put forward as an eminent­ 
ly suitable method by which to value large 
amounts of property quickly. Studies carried 
out both in the UK and America have tended 
to concentrate on valuation for local tax­ 
ation purposes. In this kind of role MRA has 
very definite advantages. Local taxation 
must be seen to be objective and impartial: 
MRA is demonstrably so, every property 
being treated to the same degree of accuracy 
or otherwise.
MRA can also rapidly assess large num­ 
bers of properties. Should revaluation be 
desirable, changes in the relative values of 
variables may be simply achieved.
However, MRA has an Achilles heel. Lack 
of data is a fact of life throughout the 
property valuation world: indeed without 
this deficiency there would be little need for 
professional valuers. MRA as mentioned 
above requires large amounts of data, con­ 
cerning broadly similar properties, from 
which to derive a formula, which is generally 
applicable to other similar properties. Indi­ 
viduality, accordingly, is beyond its capabili­ 
ties.
MRA is not therefore a perfect tool with 
which to value property. Its detractors 
suggest it is inflexible, and that the issues 
involved in property valuation are much too 
complex for the simple additive theory on 
which it is based.
Perhaps the fairest appraisal of the situ­ 
ation is that, while it might be hopeless to try 
to isolate all factors which buyers take into 
consideration when purchasing property, it 
is possible to establish a correlation between 
property values and a select subset of deter­ 
mining values. 1 MRA therefore has its place, 
but must be treated with caution if the results 
are to be considered useful.
Expert systems for property 
valuation
An expert system is a computer program 
which encapsulates knowledge pertaining to
a specific area of human expertise. It can also 
implement that knowledge in such a manner 
as to be able to perform as a consultant 
expert within that field, and has the ability to 
explain its reasoning when questioned about 
a course of action it recommends.
The system then is not, like MRA, a 
representation of data, but a simulation of 
the expertise, or knowledge of an expert 
valuer. The single most important feature of 
this type of system when compared with 
traditional computer systems is its ability to 
cope with rules of thumb and generalities. 
This enables the expert system to infer a 
probable course of action in the absence of 
sufficient data with which to make a decision 
under the normal rules of computing. It is 
this ability to function with inexact reason­ 
ing, and without perfect information, that 
make expert systems a logical approach to 
adopt when seeking to improve the consis­ 
tency and accuracy of property valuation.
The expert system can be considered in 
two parts. First comes a "knowledge base", 
which contains all the relevant knowledge of 
the expert; second is the "inference mo­ 
dule", which does the reasoning. The knowl­ 
edge is usually "captured" by means of 
exhaustive interviewing of human experts — 
practising mortgage valuers, for example. 
The object is to establish what processes or 
functions the valuer actually performs when 
carrying out a valuation.
It is generally considered that most experts 
have difficulty in dissecting their skill into its 
component parts, and valuers are unlikely to 
be any different in this respect. The estab­ 
lishment of a bank of knowledge which truly 
represents the experts' knowledge is, how­ 
ever, crucial to the acceptable performance 
of the system. This, then, is one area in which 
expert systems may encounter problems, 
though there are expert systems which can 
assist this process by deriving the separate 
process elements from example cases, so the 
problem is by no means insurmountable.
Once this knowledge base is established it 
is manipulated by the second part of the 
expert system, the inference module. It is the 
inference module which derives relation­ 
ships between items of knowledge, reasons 
logically around the information fed to it 
regarding a particular case, and which will 
ask pertinent questions should it lack suf­ 
ficient data with which to complete a valu­ 
ation.
The valuation expert system will therefore 
be able to act in similar fashion to a human 
valuer, and will need a similar amount of 
information with which to derive an accept­ 
able valuation. The necessity is not, there­ 
fore, for massed data as with MRA. The 
expert system can make judgments, offer 
advice even when faced with incomplete or 
uncertain information, and will, within the 
confines of its expertise, be aware of the 
wider implications of the advice it offers. 
The expert system reproduces ihe valuation 
process rather than relying on a mathemati­ 
cal relationship between market value and 
the inherent physical features of a properly.
Conclusion
An expert system is a means to make 
specialist knowledge generally available to 
expert and non-expert alike. It functions in




Housing minister John Patten last week called for the intro­ 
duction of a code of practice for the secondary mortgage 
market, in order to protect the interests of borrowers. 
Speaking at a British Institute of Management dinner, he 
said that there was a danger that the practice of trading in 
mortgages could leave borrowers with their mortgages in the 
lands of institutions of which they knew little. 
There was a need for protection of the consumer, he said, 
adding that he was determined to explore ways of creating a 
code of practice among lenders which will give that protec­ 
tion before potential problems arise.
Questioning whether mort- had, he said, reservations about
the selling of existing mortgages 
without the explicit consent of 
the borrower.
There was perhaps a need for 
a new kind of mortgage which 
could be safely traded without
r _ i should be sold "over the 
iiaids" of borrowers, Mr Patten 
pointed out that the vast 
majority of existing borrowers 
would never have expected that 
such a thing could happen. He
adversely affecting the borrower 
— a mortgage which always 
charged half a per cent above 
bank base rate might be suitable 
for trading without consultation, 
Mr Patten suggested.
He welcomed the fact that the 
building societies had expressed 
a willingness to examine the 
setting down of a code of 
practice, and he accepted their 
argument that such a code 
should apply equally to them­ 
selves and their competitors.
"I have, therefore, asked my 
officials to discuss with other 
interested organisations like the 
banks what would be an appro­ 
priate arrangement to protect the 
legitimate interests of borrowers, 
while enabling innovations in the 
mortgage market to bring their 
full benefit in additional funds 
for home ownership and in a 
wider choice of kinds of loan."
Tie DOE has approved Tower Hamlet's Urban Development Grant application for £2m towards 
fe refurbishment of Tobacco Dock, Wapping Lane, El. The listed Tobacco Dock is being 
Rhrbished by Tobacco Docks Developments to provide 140,000 sq ft of leisure, retail and 
fttittnnt space, due for completion in the late summer of next year. Letting agents are King & 




The amount of office floorspace 
on the market in Britain fell by 
1.18m sq ft during the second 
half of 1985, according to Hillier 
Parker's nationwide survey, 
Offices in Britain. This 4.4% 
drop was the first registered since 
the survey began in 1981.
As at January 1986 there was 
26.2m sq ft available, almost 
evenly split between new and ex­ 
isting buildings. This represents 
about two years' supply 
measured by the previous year's 
take-up rate.
The improvement was due 
mainly to increased lettings. In 
the half year to January 1986, 
6.65m sq ft was taken, almost 
30% more than the previous six 
months. The space coming on to 
the market was up only marginal­ 
ly, by 2!/2% to 6.89m sq ft.
Improved outlook
In the provinces, the outlook 
is much improved, with lettings 
up by over 500,000 sq ft, while 
the space coming on to the 
market registered a similar fall. 
Yorkshire & Humberside, the 
West Midlands, Wales, Essex and 
Scotland all saw the availability 
of floorspace drop over 10% in 
the last six months of 1985.
Take-up also rose markedly in 
the City of London, by over 50% 
to 2.1m sq ft. But this record level 
of lettings was more than match­ 
ed by a record amount of 
floorspace placed on the market, 
2.87m sq ft.
According to Hillier Parker, 
the resulting 25% jump in the 
availability of space in the City 
was mainly due to London 
Bridge City and New City Court 




'« manner of a human consultant expert, 
"king questions in natural, if specialised, 
™|uage: it can explain its reasoning, and 
Wfend its deduced solution in the manner of 
'human expert. 
MRA, on the other hand, relies heavily on
*MI are to most people incomprehensible 
UJIhcmatical formulae. It does not possess 
K ability io make itself either more easily 
Nfrstood or less complex. Nor can it 
|°ncludeihat more information is necessary 
"f it lo carry out an acceptable valuation. 
The traditional valuer when dismissing
*"|A -orany other mathematically based
*Nhodology for properly appraisal — 
^uld suggest thai valuation is an art; a
^TESGAZETTE MAY IT 1986
figure being plucked magically from the air 
after a period of deliberation, due considera­ 
tion of all relevant factors, and a degree of 
intuition, or divine guidance, depending on 
the arrogance of the individual. What he 
disregards is the fact that during this process 
he is weighing up the advantages and disad­ 
vantages of the subject property, assigning 
values to those attributes, and computing a 
final figure which reflects them. There is 
therefore an underlying rationality, al­ 
though most practising valuers would have 
difficulty in analysing the methods by which 
they utilise that rationality. 1
There is no doubt that valuation methods 
need bringing up to date to avoid further 
criticism from outside bodies.' The choice of 
MRA or expert systems to assist valuation
surveyors is largely personal. We at the 
Polytechnic of Wales have come to the 
conclusion through our research that expert 
systems form a more logical way forward, 
given the arguments above, and the deficien­ 
cies of the UK property market. And a final 
question: if human valuers use MRA tech­ 
niques now, why should expert systems not 
use them in the future?
References
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pledge elicitation gives begin 
tat systems a lot of headaches, i < 
rices tell of their experiences in this 
fault process.______
.earning to place a
JESPITE THE impetus of national programmes to promote fifth gen­ eration work, many of the prob- K whichi used1 to plague expert system 
Hers still exist.
jne of the most prominent of these 
ilamental problems is that of know- 
fe elicitation.
Host standard works on expert sys- 
K devote some of their text to 
pledge elicitation, outlining possible 
rtods, and occasionally noting their 
Ddated problems.
Hut none of these works are particu- 
tt suitable for novice expert systems 
iers to use as a basis for extracting 
pledge from their domain expert, 
pply because none of them make any 
IT recommendations as to when and 
toe each method may best be em- 
»ed.
Ai the Polytechnic of Wales we are 
tently building an expert system to 
ue residential property for mortgage 
iposes. This is a first foray into expert 
fcms for our own department. As a 
«er of necessity we have had to 
tarchthe available knowledge elicita- 
i methodologies, and adapt these
•tods to extract our expert valuer's 
pledge in the best way. We set about
• by outlining the major methods of 
Dwledge elicitation and discussing their 
lability for our project. 
jhilst we do not pretend that this
•s a definitive approach to knowledge
•lation, we do believe our experi-
•B can provide an insight to the
•able methods, which is suitable for
"Vioii by other expert system buil-
J5 particularly those approaching the
tyct for the first time.
we are several problems associated
«j knowledge itself.
Most of the knowledge inside an
f^shead is experimental and uncer-
"• ?«od guesswork rather than facts
" "gour and so its extraction is
p™pertv valuers, perhaps even more 
""another experts, justify their deci- 
T] 7 quoting skill and experience. 
"WK pf a single basic explicit method 
gluing property is at once the 
'"sion's greatest strength and its 
*cst weakness. This fact compounds 
.^oblems common to knowledge 
Mlal|on from experts in other fields.
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There is also the problem that a 
valuer's decision directly affects the 
public -
The public is also generally sceptical of 
valuation surveyors — a mood which the 
profession is aware of. There is therefore 
a greater danger of a valuer constructing 
plausible lines of reasoning during the 
elicitation process to justify his deci­ 
sions, than may be the case in other fields 




and rules used in property valuation is 
therefore not at all straightforward. 
Reasoning by example
Some system developers have tried to 
by-pass the problem by relying on ex­ 
perts to describe only what they do, not 
how they do it. That is, instead of 
eliciting rules directly, the system buil­ 
der infers them from the expert's per­ 
formance on example problems.
Systems which can induce rules from 
example sets are already available, and 
advocated by several leading AI names, 
among them Donald Michie of Intelli­ 
gent Terminals Ltd.
The principle of induction is that the 
expert supplies a set of example cases 
with which to "train" the system. (In the 
context of our work, a number of 
valuation cases.) The valuer also pro­ 
vides the relevant factors and attributes 
influencing that set of valuations, for 
example; location, house type, size etc.
The system algorithm then uses the 
training set to induce general principles, 
and so formulate the decision process, 
and make it possible to predict decisions 
for cases not contained in the example 
set.
The reasoning is that valuers obtain 
their "experiential" knowledge from past 
cases, and make their decisions based on 
the knowledge gained from them. The 
results achieved should therefore be 
largely the same under induction.
A major advantage of this method is 
that the expert often finds it easier to 
provide examples of decision solutions 
rather than to describe the decision
making process itself.
One key point often made in know­ 
ledge elicitation is that asking an expert 
to describe what he does, very often 
changes his perception of that expert 
function. Induction from a training set 
avoids this problem. All the expert has to 
do is provide example cases, not inter­ 
pret the motives behind the resultant 
solutions in those cases.
This ability to infer general principles 
from past cases is of major interest to the 
valuation expert system builder because 
of a lack of research on valuation 
methods. Rule induction does, however, 
have its own problems.
For example, by what criteria does the 
valuer choose sufficient and suitable 
cases for inclusion in the training set? 
The valuer may supply too many attri­ 
butes, some of which may be highly 
correlated.
For example, floor area and number 
of bedrooms are related. The relative 
importance of each may be difficult to 
establish within the decision process, 
and it may well be the case that they 
merely confirm decisions. The accurate 
weighting of variables is also extremely 
difficult.
Alternatively, the valuer may choose 
to relate a particularly complex case 
which he finds interesting, instead of a 
number of simpler, if mundane, exam­ 
ples which would have served to estab­ 
lish the knowledge used adequately 
enough, and much more quickly.
The system may also induce rules 
which are irrelevant, or meaningless. 
The system cannot by itself decide what 
attributes it is sensible to use. For 
example: within our mortgage valuation 
system in Wales, if the mortgagee's 
name was locally common — say Jones 
— and was erroneously included in the 
attributes fed to the system, the decision 
rule generated under induction will 
almost certainly use it. The name Jones 
has, however, no relevance whatsoever 
in valuing properties in new cases!
There is also the problem in estab­ 
lishing whether the knowledge extracted 
is a complete representation of the 
required expertise. Omissions very often 
remain undiscovered until the end user 
finds out the hard way. It should also be 
noted that rules output from induction 
systems tend to be unstructured and
value on knowledge
extremely difficult to understand. This is 
apublic relations factor which should not 
be overlooked when dealing with a 
valuation profession which traditionally 
resists change and innovation.
Finally these systems do not dispense 
with the need for extensive intervention 
by humans in building the decision rules.
If the cases are compiled by recording 
real cases then this may be as time 
consuming as any other method of 
knowledge acquisition. Conversely if 
they are produced by valuers generating 
examples from their own experience, 
then the examples may be as unreliable 
as knowledge obtained by the other 
methods for reasons outlined in discus­ 
sing these alternatives.
Rule induction may therefore offer 
superficial attractions for eliciting valua­ 
tion knowledge. But it still requires in­ 
teraction with the valuer and the input of 
background knowledge if it is to perform 
as well as that expert valuer.
The advantages are not yet clearly in 
its favour when compared with other 
methods of knowledge acquisition. But 
it is generally accepted that rule induc­ 
tion will become a key method with 
which to acquire knowledge in the 
future.
"Active" methods of knowledge ac­ 
quisition may take a number of forms. 
Those most often used are; observation, 
introspection, interviewing, and model 
criticism.
Observation
The observational method relies on 
etching the expert solve realistic prob­ 
lems in his area of specialisation (in our 
«se mortgage valuations) taking care 
not to say or do anything that might 
influence his usual approach. Whilst 
carrying out his valuation, the valuer 
provides a commentary which is re­ 
corded.
This "thinking aloud" method can 
provide information about the organisa­ 
tion of the expert's knowledge, the 
^ai knowledge he uses, and the 
ronirol structures he employs to classify 
Jn<f apply that knowledge.
During the observational periods it is 
fperative that the investigator refrains 
forn interrupting the valuer with ques- 
rons or comments. Instead he analyses 
r transcripts of the sessions at a later 








The developers combined methods
tionships in the process.
The method, in common with other 
methods, has its pitfalls.
Thinking aloud may alter the expert's 
technique. The expert may not be able to 
identify the definitive aspects of his 
expertise consciously. Also his descrip­ 
tion of his specialist function is open 
misinterpretation by the system builder 
who analyses the transcripts and con­ 
structs the expert system.
Further, because of the nature of the 
operation, it is very easy to produce an 
incomplete knowledge base, as the ex­ 
pert will often use "compiled know­ 
ledge" — which he has processed in 
some way — without thinking through 
that compilation.
The resultant gaps in the knowledge 
acquired are very difficult to fill, even if 
the system builder interviews the expert 
after the session, transcript in hand.
And if the expert is pushed to be more 
explicit about a particular point, he will 
construct plausible lines of reasoning to 
explain his actions which may or may not 
reflect the actual techniques used.
The observations method alone was 
therefore not considered suitable for 
extracting a complete model of valuation 
expertise.
It may, however, provide valuable 
information about specific areas of a 
valuer's expertise, and is good forgetting 
an initial idea of the subject's area of 
expertise.
Introspection
The introspection method relies on 
the expert to act as the builder oi 
theories about his own behaviour during 
the specialist task. He must indentify the 
basis of his knowledge or skill, and 
incorporate it directly into the computer 
representation.
But human experts have different 
types of information. For example: 




solving — their own past cases.
2. Personal expertise or methods foi 
solving problems — the expert's pre­ 
ferred method of working.
3. Personal knowledge about reasons
for choosing the methods used — 
knowledge about special cases, 01
groups of cases.
It may be difficult for experts tc 
conceptualise these different types oi 
knowledge and property valuers are 
unlikely to be any different. They will 
often be hard pressed to describe theii 
expertise in a systematic manner, let 
alone in a rationally structured form.
The introspective method used often 
means that the valuer has trouble isolat­ 
ing the actual techniques used to pro­ 
duce a valuation. The knowledge is sc 
well compiled through experience and 
over practice that he accesses and man­ 
ipulates it without thinking.
As with the observational method the 
valuer may construct plausible lines oi 
reasoning that do not truly reflect his 
valuation techniques.
Finally, the numbers of expert valuers 
with sufficient time, interest, and both 
valuation and expert systems specialisa­ 
tion are severely limited.
Introspection was therefore largely 
ruled out as a prime source of knowledge 
for our project at a relatively early stage. 
Interviewing
Interviewing can best be described as a 
mixture of observation, introspection 
and interrogation. It can be a pure 
interrogation, the interrogator asking 
the expert what he does in the perform- 
Tnrn to page I.
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of his specialist function, and 
prompting his introspective process. 
(Our own expert valuer has already 
Jibbed this method "the third degree").
On the other hand the expert may be 
jsked to solve realistic domain problems 
«ih commentary, whilst the interroga- 
lorasks questions about the process he is 
tarrying out. There are problems with 
idis method too.
Is the information the interrogator 
builds into the system a good representa- 
jon of what the expert does? Or is it 
more correctly a model of what the 
enpert thinks he does? Perhaps it is a 
method altered by the interrogator's 
intervention?
Alternatively, is it a representation of 
the interrogator's preconceived ideas 
itout the expert's function? Or has the 
expert, unconsciously or otherwise, be­ 
gun to structure his answers to match 
what he believes the interrogator is 
trying to achieve?
Care must also be taken not to "lead" 
the expert, particularly with questions 
that may produce an "acceptable", 
rather than a truthful but socially unde­ 
sirable answer.
For example; in reality a building cost 
assessor might always accept the con­ 
tractor's cost figures he receives at face 
value, never questioning items. He can, 
however, only justify his position as an 
expert by saying he carefully considers 
each item of a claim based on his 
knowledge and experience. The truth 
may be unattractive in some cases, but 
must be revealed if the expert system is 
lo represent the expertise used accur­ 
ately.
Interviewing then is hazardous. The 
problems are a combination of the 
Problems encountered in other methods. 
But it does have advantages in that it 
allows both introspection by the valuer 
and intervention by the system builder. 
For this reason interviewing has become 
the most frequently used method of 
knowledge elicitation for expert system 
building, and compared favourably with 
(he other methods investigated for our 
project.
Model criticism
The fourth widely used method is for 
"wsyslem builder, after an initial period 
"I study, to construct a model of what he 
considers the specialist's expertise to 
involve. He then takes that model to the 
"omain expert for his critical judge- 
ments, observations and ideas. 
The most obvious problem with this 
method is that the system builder may 
present the knowledge in such a trivial 
nffj r that tne domain expert is 
wended, or believes the system builder 
"«seriously underestimated the com- 
l*Wyaf the task in hand, 
rroblems common to the other 
fe arise regarding the actual 
ledge representation within the 
.
knowledge may be the system
builder's own misinterpretation, or the 
expert's knowledge adapted to slot into 
the preconceived model. The situation 
could therefore be that the expert system 
is not just a representation of what the 
system builder thinks the expert does, 
but a representation of what the expert 
thinks, the system builder thinks, about 
the way the expert thinks!
This method is generally considered 
ineffective on its own as the initial 
construction period can be repeated 
many times before a model is produced 
which the expert recognises as a suitable 
representation of his knowledge.
For our own project, model criticism 
has advantages in that the expert system 
is being built by the Department of 
Estate Management. The initial model 
would therefore be evolved by valuers, 
before being presented to our chosen 
expert for criticism. This would we hope 
short-circuit the process.




process of knowledge elicitation and 
none of the above methods holds a clear 
advantage over the others for acquiring 
knowledge from practising mortgage 
valuers.
Any of the methods may be used 
singly but all have disadvantages to a 
greater or lesser degree.
It is more usual for the system builder 
to combine the approaches.
For example: the valuer will introspect 
whilst solving a problem posed by the 
system builder, at the same time relating 
the methods he uses to solve the valua­ 
tion problem. The system builder inter­ 
venes whenever it seems appropriate, 
asking relevant questions to stimulate 
and probe the expert, suggesting possi­ 
ble rationales and hypothesising con­ 
cepts and rules. With the system builder 
taking on this active rather than passive 
role the valuer's knowledge may re­ 
latively quickly be broken down into a 
computer acceptable format.
The common sense value of combin­ 
ing the individually unsatisfactory 
approaches cannot be overlooked, and 
for this reason we adopted the following 
format for eliciting knowledge from 
valuation surveyors:
1. The valuer was introduced to expert 
systems during an initial meeting, and 
asked to describe in general terms 
what his work involves. The analysis 
of the transcripts of this meeting 
identified key concepts and rela­ 
tionships in the valuer's area of 
specialisation and working methods.
2. The ideas established in this initial 
meeting were explored using a com­ 
bination of observation, and intro­ 
spection combined with some probing 
by the system builder.
3. A prototype, and it must be pointed 
out, very general representation of 
the valuer's problem solving 
approach is then constructed. This is 
the current stage of the research 
being undertaken.
4. This crude representation will then be 
evaluated by the valuer and the 
system builder to identify weaknesses 
and omissions in the knowledge in­ 
cluded in the model.
5. These deficiencies will then be resear­ 
ched further by more interaction with 
the expert, probably using the 
observation and introspection techni­ 
ques as before combined with more 
specific probing by the system 
builder.
6. This more detailed model will then be 
implemented within the computer, 
and further criticised by valuer and 
system builder alike.
7. An iterative process of refinement 
will then be carried out to produce a 
model which can be tested against the 
valuer over a series of trial cases. 
Pictorially this could be represented as 
is shown in the diagram (see page 11). 
It should be clear from the diagram 
that these stages are not discrete, but an 
interactive process of knowledge trans­ 
fer which needs co-operation between 
the expert valuer and the system builder. 
We expect the knowledge base design 
and build stages to be largely carried out 
concurrently in our project, and that 
expert input with practising valuers is not 
likely to be constant. What we do expect, 
however, is that the above methodology 
will enable us to construct a system 
which simulates the expertise of our 
chosen expert valuer, and can perform to 
an "acceptable" level of accuracy.
"Experts" it appears, tend to state 
their methods and subsequent conclu­ 
sions in terms that are too abstract for 
effective computer analysis and resynth- 
esis. Valuers are no different. They 
make complex decisions rapidly without 
exhaustively re-examining and restating 
each step in their reasoning process.
Basic background knowledge (the cur­ 
rent state of the housing market for 
instance), is assumed, and items of it 
combined so quickly that it is difficult to 
dissemble the process into its component 
parts.
The "teasing out" of this compiled 
knowledge which we are undertaking 
will not only provide the raw information 
for our own research. It may also provide 
for more formal understanding of the 
complexity of the much criticised compa­ 
rative method of valuation. 
OStuart Gronow, is a senior lecturer in 
valuation at the Polytechnic of Wales. 
I an Scott, is a full-time research axxistiint 
investigating the use oj expert svsteins to 
value residential property for mortgage 
purposes.
D This article is tin abridged and 
ammended version of a paper to he 
published in I'lie Journal o\ Valuation in 
September /W6.
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Refining the Art of Mortgage Valuation
klan Scott and Stuart Gronow
i}l too often the public image of residential property 
,aluation rests on T>est guesswork' after a perfunctory 
uspection of a property. In this article it is argued that 
ihe residential practitioner must be seen to be 
receptive to analytical techniques and methods of 




Methodical analysis of 
previous transactions forms 
the basis of residential 
property valuation. 
Unfortunately in far too many 
instances the public regard the 
residential property valuer as 
lacking in professionalism. 
This lack of regard is perfectly 
understandable when 
valuations are justified by a 
'feel for the market', the 'gut 
reaction', and the '40 years 
experience' approach.
This poor image can be 
surmounted by the promotion 
of an increasingly professional 
attitude towards justification 
of a valuation, the explanation 
to the client of on what 
evidence it is based, and how 
this evidence was analysed.
Research
Research into residential 
property valuation in this 
country has been limited to 
regression analysis studies. 
These have usually been 
carried out by economists or
College of Estate 
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geographers, although a 
recent doctorate was awarded 
to a chartered surveyor in this 
subject. A new line of research 
is currently being undertaken 
at the Polytechnic of Wales in 
conjunction with the 
Principality Building Society 
which involves the application 
of expert systems to the 
valuation of residential 
property for mortgage 
purposes.
What is an expert 
system?
As a definition, an expert 
system is a computer 
programme which 
encapsulates human expertise 
in a given specialist field. This 
expertise can be made 
available as advice on request, 
and the system can explain its 
line of reasoning in arriving at a 
particular solution.
In its basic form the expert 
system is a computer 
programme containing a 
'bank' of knowledge, and a 
mechanism which can 
manipulate that knowledge. 
This knowledge manipulator is 
known as the inference 
module. It is this inference 
module which animates the 
knowledge into a dynamic 
decision making system able 
to infer relationships, and 
reason logically.
Such a description is 
simplistic. The transfer of 
knowledge from expert to 
expert system is complex and 
time consuming, as is the 
creation of the inference 
module. This latter problem 
can be solved at least in part, 
by the use of an 'off-the-peg' 
expert system which is known 
as a 'shell'. These shells are 
simply empty expert systems 
containing the inference 
module, but awaiting the 
knowledge which will turn 
them into a useful expert in a 
given field. Some shells now 
on the market can be bought 
for less than £400.
On completion the expert 
system should be able to 
perform as a consultant expert 
in a given field, able to offer 
advice, explain its reasoning,
act on the strength of partial 
information, and will ask only 
necessary and relevant 
questions of a client in order to 
arrive at a conclusion which 
can be recommended.
Current uses of expert 
systems
In the first instance expert 
systems found favour with the 
medical world. Their ability to 
act as aides to overstretched 
human consultants was 
recognised, and they now fulfil 
several functions, indicating 
options and alternative 
diagnoses the human expert 
may overlook, providing rapid 
analysis of data, and serving as 
an ever ready source of 
expertise.
More recent applications 
involve professions more 
closely linked with that of the 
surveyor. Expert systems are 
now being used by 
accountants, tax experts, and 
lawyers. The Building 
Research Establishment 
already uses such a system to 
study moisture penetration, 
and the Government through 
the Alvey programme has 
made available a sum of 
£350m for expert system 
development in UK business, 
approximately £0.25m of 
which has been allocated to 
the quantity surveying 
profession. Clearly then the 
use of expert systems is seen 
as highly important in the 
construction industry and 
business world in general.
Why build an expert 
system?
Residential valuations are 
based on comparison with 
similar properties. Although 
most valuers would have 
difficulty in formalising the 
rules by which they operate 
there is an underlying 
rationality: building society 
mortgage valuations, are in 
many cases routine, and 
repetitive. Anything that can 
reduce the amount of this type 
of work corned out by a valuer, 
will increase the amount of 
time that can be spent on the
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-ore difficult properties, and 
u^st therefore be of value.
Similarly anything which 
on assist the valuer in the 
performance of his 
professional function must 
also be of value.
Thirdly, anything which can 
provide useful information in 
fa absence of an 
acknowledged expert in a 
particular area can be used to 
provide second opinions to 
pack-up a less experienced 
partitioner's own assessment 
jf a given situation, should an 
immediate decision be 
required.
Expert systems can fulfil all 
jfthe above functions and 
would be of considerable 
assistance to both building 
society mortgage valuers, and 
general practice valuers alike.
Expert systems do not claim 
to replace valuers nor do they 
claim 100% accuracy. Their 
idle at present is limited in 
scope and application, and 
iheir criterion for acceptable 
accuracy is to achieve parity 
with a human expert.
The most significant fact 
about expert systems is 




So far the valuation 
profession has exhibited 
remarkable reluctance to adopt 
new technology.
One prompt to our research 
is the fact outlined above that 
other professions are already 
adopting this technology. Over 
the last few years it has 
become clear that the 
competition from lawyers and 
non qualified valuers will 
increase rather than decrease 
in the future. If we are to 
ensure that the foremost 
authorities on residential 
property values will continue 
to be surveyors and not 
economists, actuaries and 
solicitors, then we must make 
ourselves aware of the 
potential of new technology, 
and turn that potential into 
practical applicaton.
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Is the property 
in good repair?
PART OF SYSTEM DEALING WITH REPAIR
Examples are: 




Are there signs of 
structural problems? 
('expand' for detail)
Are the repair 
problems superficial? 
'expand' for detaill
Has a structural survey 
been carried out?





4. Other, please specify.
Damp-proofing
Comparable properties Comparable properties 
are; Nos. 3, 7, 11, 18 
Black Street
Carry out structural 
survey, reconsult 
system on receipt 
of report ^^^
Comparable properties 
are; Nos. 3. 7, 11, 18 
Black Street
Value range is: 
38000-39500 Value range is: 34000-35500
Value range is: 
36500-37500
yes
What cost was 
attributed to a 
retention, if any?
Comparable properties 
are; Nos. 3, 7, 11, 18 
Black Street
Value range is: 
22000 23000

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Multiple Regression Analysis 
(MRA) has been around a long 
time. In the 1 920's it was used 
in America to show the 
relationship between price per 
acre of farmland and four 
'independent variables'.
Research and practical 
applications of the techniques 
in property appraisal and 
valuation have been 
undertaken over the 
succeeding years particularly 
in the 1960's and 1 970's and 
the number of reported 
applications continues to 
increase.
Most practical applications 
in the States have been 
undertaken by Government 
Departments for taxation 
purposes but private firms also 
use the technique, eg it was 
claimed as long ago as 1 972 
that a private firm had 
employed MRA for appraising 
residential developments, city 
park sites, ranches and 
agricultural operations, 
mountain recreational 
properties and nursing homes 
(Harold A Jungbluth, Real 
Estate Consultant Colorado).
In the United Kingdom, 
there appears to have been no 
practical application, although 
several studies have been 
undertaken. MRA can be 
defined as a statistical tool that 
measures the joint effect of 
two or more independent 
variables upon another, 
dependent variable.
In relation to residential 
property the dependent 
variable would be the 
estimated sale price and the 
independent variables would 
be the physical characteristics 
of a property such as living 
area, age, condition, garage, 
central heating, etc.
A hypothetical example for 
semi-detached houses in a 
particular suburb might result 
in the following 'predictive 
model'. 
Y (sale price) =
A + (B, x living area) + (B, x age) 
+ IB, x condition) + (B, x garage) 
+ (B4 x central heating)
whereA,B,,B 2 , B,, B4 B, are 
constant.
The main problem with
is that it requires 
considerable amounts of data 
of broadly similar properties 
from which a formula can be 
derived in order to value other
Multiple Regression Analysis 
and Expert Systems
by Stuart Gronow MA BSc AR1CS 
lan Scott BSc
In our previous article we looked at some of the uses to which 
information technology could be put in undertaking building 
society valuations. Mention was made of Multiple Regression 
Analysis and Expert Systems, two approaches currently 
available for computer aided valuation. In this article we shall 
outline the strengths and weaknesses of these approaches with 
particular reference to valuation for mortgage purposes.
properties. Such amounts of 
data, whilst unavailable to 
small practices, are however 
readily available to building 
societies and indeed to group 
practices.
The other major problem is 
the choice of independent 
variables — too few variables 
will result in too crude an 
equation, and too many 
variables will result in "multi- 
collinearity" and the 
consequent tangential drift 
into darkest statistics. Multi- 
collinearity refers to variables 
which are related. For 
example, the number of 
bedrooms and size of house — 
larger houses tend to have 
more bedrooms and these two 
variables can be regarded as 
double counting.
The main strength of MRA is 
that it takes the subjective 
element out of valuation — 
what is produced is a valuation 
based entirely on scientifically 
analysed data.
EXPERT SYSTEMS 
Expert systems are knowledge 
based as opposed to the data- 
driven approach of MRA. Such 
systems are a simulation of the 
expertise or knowledge of a 
particular expert.
An expert system for 
building society valuations 
would endeavour to 
encapsulate the knowledge of 
the valuer and would 
implement that knowledge so 
as to act as a consultant valuer 
with the ability to explain its 
reasoning when questioned.
One of the major 
distinguishing features of an 
expert system when compared 
to a traditional computer 
program is its ability to make 
decisions based on rules of 
thumb and generalities. This 
corresponds well to the way 
that valuers make decisions 
with inexact reasoning and 
without perfect information.
Acquisition of the required
knowledge is usually achieved 
by means of exhaustive 
interviewing. There are also 
expert systems that can 'learn 
by example' and can therefore 
assist in this process. Once the 
relevant knowledge has been 
extracted it forms the 
'knowledge base' of the 
system. The actual reasoning 
of the system is carried out by 
the 'inference module'.
The creation of the 
inference module is again 
complex and time consuming 
but can be short-circuited to a 
large extent by using a 'shell', 
in effect a ready-made 'empty' 
system requiring the expert 
knowledge to turn it into a 
useful system.
Problems in developing 
expert systems are therefore 
not insurmountable. However, 
it is fair to say that at present 
there are many demonstration 
models available, but relatively 
few examples of expert 
systems being put to practical 
uses. However, there are 
working systems in 
accountancy and building — 
two possible competing 
professions for valuation 
work.
CONCLUSIONS
Whether they like it or not 
building society valuers in com­ 
mon with other valuers will 
continue to be attacked for the 
methods they use. Investiga­ 
tion of scientific techniques, 
such as MRA and expert sys­ 
tems, will at the very least show 
possible competitors and fee 
payers that the art of valuation 
continues to be refined.
These techniques should al­ 
so enhance the reliability of 
residential valuations and for 
valuers to ignore them is to fall 
short of their professional re­ 
sponsibilities.
Stuart Gronow is a Senior Lecturer 
in Valuations at the Polytechnic of 
Wales lan Scott is a lull time Re­ 
search Assistant
THE VALUER, JANUARY/FEBRUARY 1 987 27
Expert Systems 
For Valuation Surveyors
By Stuart Gronow, M.A., B.SC., A.R.I.C.S., and lan Scott, B.SC.
In other parts of the world statistical methods of valu­ ing property are well established. In Britain the valu­ ation profession has been relatively slow in exploiting 
information technology. This is particularly so in the 
field of vacant possession dwelling houses where com­ 
puter assisted valuation has found little support. •
Multiple Regression Analysis was investigated by the 
Government Valuation Office for England and Wales in 
the mid 1970s but the only practical application appears 
to be that used by the Scottish Valuation Office.
Given this reluctance to embrace statistical 
approaches to valuation, research is now being under­ 
taken to develop a computer system which can operate 
in the same manner as a human valuer and under the 
same constraints. This has been termed an "expert sys­ 
tem". Expert systems are already in use in other pro­ 
fessions, however after contacting professional bodies 
and academic institutions throughout Britain, America, 
New Zealand and Australia, it appears no other work is 
being undertaken in expert systems and property valu­ 
ation.
It is the purpose of this article to describe what expert 
systems are, what advantages they can offer over 
regression based valuation methods and to consider their 
applicability to other areas of valuation.
Expert Systems
Expert systems are computer programmes that can be 
used as consultant specialists within a particular field of 
expertise. As such they can operate under the same con­ 
straints as those consultant specialists, and are able to 
offer advice when faced with incomplete, uncertain or 
imprecise information. Research into such a system is 
being undertaken at the Polytechnic of Wales specifically 
for the valuation of vacant possession residential dwell­ 
ing houses for mortgage purposes. The research being 
conducted in conjunction with the Principality Building 
Society (the largest in. Wales), appears to be a first foray 
for the valuation profession into expert systems world­ 
wide, as far as we have been able to ascertain. It should, 
however, be pointed out that they are already being used 
m other related professions such as accountancy, tax­ 
ation, quantity surveying, and in legal applications.
The aim of the expert system is the encapsulation of a 
human's knowledge pertaining to a particular field of 
specialisation. One fundamental problem therefore is the 
extraction of the specialist knowledge from the expert in 
order to include it within the expert system. Usually this 
knowledge is obtained by extensive interviewing of the 
«pert whose knowledge is to be represented. The results 
°f those interviews are then formalised into rules, facts 
a"d relationships which can be represented within the 
"pert system. (This description of the process of knowl- 
*"# elicitation is necessarily simplistic. The problems
intrinsic to the process have been more thoroughly dis­ 
cussed in The Journal of Valuation 4:4 by the same 
authors.)
This concentration on knowledge rather than data is a 
fundamental difference between valuations using 
regression techniques and those performed by expert sys­ 
tems. Multiple regression analysis concentrates on using 
the sales price data of past sales in order to predict new 
values. These values can be regarded as the results of the 
valuer's expertise.
An expert system, on the other hand, values property 
by using reasoning processes similar to those carried out 
by the valuer. Assuming these processes can be 
adequately simulated, the reliance on massed compar- 
ables with which to derive computer assisted valuations 
can be dispensed with. The expert system should, given 
an identical set of comparable properties, arrive at a simi­ 
lar value to the valuer for a subject property.
Expert systems typically operate rule based reasoning, 
for example: if the property is in good repair then do not 
recommend a retention be made in the mortgage valu­ 
ation.
This reasoning is, however, hidden from the user in 
most expert systems unless explicitly requested. The user 
is simply expected to answer questions posed by the 
expert system. The expert system uses the response to 
formulate an answer which can be recommended to the 
client (see diagram).
Advantages
The advantages of expert systems over regression 
based valuation methods should be apparent at once.
1. Expert systems are accountable. They ask questions in 
clear, if specialised, English. Additionally most expert 
systems can explain the reasoning behind a course of 
action they recommend, thereby backing up a tra­ 
ditionally imprecise process with some vigour.
2. Expert systems are interactive. They ask the "right" 
questions with which to evaluate a solution to the 
problem in hand. They do not, therefore, ask 
unnecessary questions which merely confirm a pre­ 
vious answer. For example, if told that a house were 
to be valued, the expert system would not explore 
questions which related to flats, or similarly, if told a 
property was new, the expert system would dispense 
with questions regarding improvements to the prop­ 
erty. This ability to investigate courses of action, 
quickly narrowing the area of inquiry in the manner 
of a human consultant expert, is a major factor in 
expert systems gaining acceptance, particularly from 
professional staff who do not have time to be ques 
tioned by a system which acts in the fashion of a 










































































































































































































































































































































































































































































































































































































3. Expert systems are capable of offering advice even 
when faced with less than complete information. For a 
valuation this could take the form of a solution being 
given as a range of values within which the subject 
property's value is expected to lie in the absence of 
evidence to the contrary. In many cases this may be 
sufficient for a mortgage valuation particularly if the 
loan required is below the market value of the prop­ 
erty it is secured upon.
Shells
The construction of an expert system requires the 
knowledge elicited from the expert to be represented 
within the computer programme. This "knowledge rep­ 
resentation" can be within a purpose built programme 
written in a particular programming language or more 
easily by the use of an expert system "shell". A shell is 
simply an empty expert system, awaiting the specialist 
knowledge to turn it into a useful consultancy tool. It 
has within it clear structures with which the system 
builder can represent his required expertise. An expert 
system shell therefore represents a short cut into expert 
systems, and can act as a very useful insight as to 
whether expert systems are suitable for a particular 
application.
Additionally shells can be cheap, with an ever widen­ 
ing range of products ranging from many thousands of 
pounds sterling to as little as a few hundred. The investi­ 
gation of expert systems for a particular application 
therefore can be accomplished at little financial risk.
For the general practice valuation surveyor it is most 
probable that expert systems will be used to release pro­ 
fessional staff from the more routine tasks they are cur­ 
rently called upon to perform. To provide rapid analysis 
of information, consistent data, and to furnish second 
opinions in awkward cases.
Application
It is considered that several areas of property valu­ 
ation will be especially suitable for expert systems' appli­ 
cations. Assuming the rating system is to continue in its 
current form in the UK it is generally accepted that one 
of the most pressing needs at present is a revaluation of 
rateable property in England and Wales. It is also true to 
say that rating valuations, and perhaps to a lesser extent 
compulsory purchase valuations, are largely based on a 
series of rules, laws, patterns and regulations, the con­ 
sultants being considered expert by virtue of their knowl­ 
edge of these criteria and when they apply.
Likewise building society mortgage valuations (our 
own application) tend to follow an established routine in 
many cases. It is this type of valuation which can be per­ 
formed by expert systems subject only to a final check­
ing and "polishing" by human valuers. This will enable 
valuers to spend more time on the more complex cases 
that may come before them.
Expert systems can, in short, act as intelligent assist­ 
ants to overstretched human valuers. It is this "intelli­ 
gence' that sets them apart from other methods of 
computer assisted valuation and is of particular value 
when the system user must be convinced of the validity 
of the information with which he is being presented. For 
example, if the expert system were being used in its "sec­ 
ond opinion" role and it produced an unexpected value 
for a property, the valuer could ask the system why it 
arrived at that figure, rather than a figure nearer the 
valuer's own conclusion. The expert system would then 
explain its reasoning, during which process the human 
valuer would detect an error in the machine's reasoning, 
or find that the omission was in his own valuation. This 
would be far quicker than if a conventional regression 
based technique was used, as this would merely leave the 
valuer to wonder just why the values were different, yet 
with no explanation as to the cause.
Conclusion
The expert system then acts as a prompt pointing out 
possible courses of action that the valuer may overlook. 
This will improve the consistency of valuations even if 
those computer recommended courses are eventually 
rejected, as all possible factors will have been considered. 
There is a further advantage in that where expert sys­ 
tems are already in use, the very fact of their existence 
tends to improve the accuracy of human experts, who 
seem to take a little more care over every case presented 
to them.
This increase in consistency and accuracy should help 
in answering reports of unreliability in property valu­ 
ation in the press.' Similarly, the production of data and 
computer synthesised knowledge will go a long way to 
hardening up a professional opinion traditionally justi­ 
fied by a "feel for the market" should that opinion be 
questioned in the courts. With professional indemnity 
insurance premiums set to rise 300% this year in the 
UK,3 the existence of an expert system to check valu­ 
ations may enable practices to reduce this growing over­ 
head to manageable proportions.
FOOTNOTES
I. Case Study Mauls Valuations. Chartered Surveyor Weekly. 24 January 1985 pp. 181 
2.Salecka L "Insurance Cost Crisis Deepens for Surveyors . Estates Times. 9 May 1986
* The authors are both with the Department of Estate 
Management and Quantity Surveying, the Polytechnic 
of Wales. lan Scott is a full time researcher investigating 
the application of expert systems to the valuation of 
vacant possession dwelling houses for mortgage pur­ 
poses. Stuart Gronow is a senior lecturer in valuation 
supervising the research project. D
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^s a profession, general 
.tactice surveyors and valuers 
we been relatively slow in 
^bracing information 
technology. Property 
management and estate 
igency systems are becoming 
more and more widely used, 
w valuation packages have 
0 far failed to make a 
nbstantial impact. 
The financial institutions 
lave shown a ready 
willingness to adapt to and 
idopt what has been termed 
tie information revolution. The 
iccountancy profession, 
itiich may yet emerge as a real 
challenge to the valuer's 
wditional role, has likewise 
caught the computer bug. 
Most valuers use advances 
n information technology only 
n a peripheral sense, such as 
using a word processor for 
presentation of a valuation 
leport, and for data storage 
md retrieval.
This is understandable for 
fcee main reasons: 
1 for much valuation work 
programmable calculators 
are quite sufficient; 
! the strongly held view by 
many valuers that valuation 
is an art not a science and 
does not therefore lend 
itself to scientific/computer 
processes; and 
3 the software market is 
extremely fragmented and 
the consequent difficulties 
in matching already 
purchased hardware with 
the valuation software 
required.
DATABASES
flweis an increasing demand 
I" valuers to be objective in 
^porting their valuations. 
Statements such as 'from my 
knowledge and experience' to 
Wify a valuation should no 
"[»« be sufficient. Rather, a 
™*i^ion should be supported 
"Vcomparables which have 
««n analysed in a methodical 
"*toer. Valuers rely on some 
wm of records system for 
°*» comparables whether 
™« memory, a paper-based 
Wem, or a micro-computer 
*tabase.
It has become
^Paratively cheap to set up 
JiPWerised property 
tJr*?85 "sing what are 
.^"Database Management
Information Technology and 
Building Society Valuations
Stuart Gronow, MA, BSc, ARICS 
lan Scott, BSc
Information forms the basis of the valuation profession 
and the know/edge of past transactions permits an 
assessment of value to be made. However, it is only with 
the ready availability and methodical analysis of this 
information that valuations can be substantiated.
Statistical packages and information systems are 
currently available which permit comprehensive valuation 
and data handling functions to be carried out. It is not 
inconceivable therefore that many of the more mundane 
valuations could be performed by non-qualified staff, or 
even other professions.
Valuers must therefore adopt the available technology 
to improve the quality of service they can offer and to 
maintain their professional standing.
Systems. These are pre­ 
written sets of computer 
instructions which undertake 
similar tasks as are performed 
on paper files or index cards, ie 
recording, filing and retrieving 
information.
In residential estate agency 
practices, databases have 
been installed initially to 
improve the efficiency of 
clerical processes, eg 
matching vendors and 
purchasers. For valuation 
purposes such a system is 
ideal for finding the best 
comparables. The database 
can quickly access some or all 
of any particular type of 
property, eg all semi-detached 
houses in a locality, having 
four bedrooms, garage and 
central heating.
STATISTICAL PACKAGES
Multiple Regression Analysis 
(MRA) is a technique which 
has been widely used for the 
valuation of dwelling-houses in 
other countries such as New 
Zealand and America.
The calculations involved 
can be easily carried out using 
available statistical packages 
and valuations produced 
accordingly. Large amounts of 
data are required for 
satisfactory results; however 
for mortgage valuations, the 
building societies obviously 
have the required data and it is
not inconceivable that they 
could produce 'valuations' 
using MRA — the inspection of 
the property being carried out 
and the calculations being 
undertaken by non-valuers.
SPREADSHEETS
A particularly useful software 
package for valuers is the 
electronic spreadsheet. The 
accountancy profession use 
traditional paper spreadsheets 
for financial calculations and to 
record transactions. The 
electronic version is the same 
in essence but is displayed on 
the computer.
Spreadsheets are easy to 
use and virtually any valuation 
technique can be developed on 
them. For mortgage 
valuations, they can be used 
for recording comparables, 
analysis, and for making any 
necessary calculations.
WORD PROCESSORS AND 
COMBINED PACKAGES
For agency work the benefits 
of word processors can be 
readily appreciated. Work 
processing consists of the 
manipulation of characters, 
words and blocks of words 
stored as text in a computer's 
memory. At the very least a 
word processor can improve 
the efficiency and presentation 
of typing. Documents which 
have a standard structure,
such as building society report 
forms, are particularly suitable 
for the application of word 
processors. Combined 
packages are now available 
which carry out, for example, 
word processing and data 
processing functions.
EXPERT SYSTEMS
Expert systems are the latest 
generation of computer 
software and are the first 
commercial product to come 
from some 30 years research 
into artificial intelligence. 
An expert system is a 
computer programme which 
encapsulates human expertise 
in a given field. Once 
developed satisfactorily the 
system should be able to 
perform as a consultant 
expert, for example, as a 
building society valuer. The 
expert system should be able 
to offer advice, explain its 
reasoning, act on incon.piete 
information and ask only those 
questions which are necessary 
and relevant in order to make a 
recommendation. Such a 
system could therefore act as a 
check or back-up by providing 
a second opinion for an 
experienced valuer, or it could 
be used for training less 
experienced valuers.
CONCLUSIONS
Most valuers use available 
information technology to only 
a fraction of its potential, but if 
a valuer ignores the latest 
development he could be left 
behind in the race for 
instructions as traditional 
professional divisions become 
more and more blurred. In the 
light of the above, it is not 
difficult to envisage the 
following:




(c) valuation using an expert i 
system; and i
(d) a report printed i
automatically from a ;
standard set of forms by a !
word processor. i
Are 'valuers' needed in such
circumstances? i
Stuart Gronow is a Senior Lecturer \
in Valuations at the Polytechnic o/ ',
Wales.
lan Scott is a full lime Research \
Assistant j
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lan Scott, working at the 
Polytechnic of South Wales, has 
a prototype that can price domestic 
properties to within 5%.
Getting prices right
W ith house prices, particularly in the Yuppie-dense South East of England, spiralling 
ever upwards, it would be a brave man 
who would claim to be an expert in valu­ 
ing a house nowadays.
Inevitably that brave man, or woman, 
of course is a surveyor and he or she 
would be the first to say that the 
yardstick for measuring the value of a 
house is by no means standard. The 
cachet of the address, the schools and/or 
wine bars in the area, the proximity of a 
busy road are at least as important as the 
double glazing, central heating and gen­ 
eral condition of the bricks and mortar. 
Valuation surveyors at the Depart­ 
ment of Estate Management at the 
Polytechnic of South Wales — hardly 
flush with computer boffins — have been 
involved in an 18 month project to inves­ 
tigate whether or not expert systems are 
applicable to property valuation work 
and to construct an expert system to 
value residential properties for mortgage 
valuation purposes.
The Department has already tested a 
prototype which deals with a small area 
in North Cardiff. It is admittedly simplis­ 
tic but when tested against unseen past 
cases, the system got 85% of these prop­ 
erties to within 0 and 2.5% of the value 
returned by the valuer. The remaining 
15% came within 5%.
The prototype has now formed the 
basis of an application to extend the cur­ 
rent project to PhD level involving a 
third year of development. Another pro­ 
ject has also been submitted for funding 
approval to investigate knowledge 
acquisition techniques with regard to the 
property valuation profession.
Statistical database systems which 
deal with simple data variables, and 
rigid, or algorithmic mathematical 
relationships between those variables 
have been available for some time but 
are not widely used in property valu­ 
ation. The appeal of knowledge-based 
expert systems is their ability to deal with 
uncertain information and so-called 
heuristics — in this case the rule of the
surveyor's thumb.
The UK has some 12 million owner- 
occupied houses — 860,000 of which 
were sold in 1986. The vast majority of 
these sales are financed by mortgages 
from, in the main, building societies. 
The loan is secured on the mortgaged 
property and if the borrower defaults, 
the house is forfeit. The lender can take 
possession of it and sell it to reclaim his 
capital loan.
An accurate valuation, independent 
of the selling price, is therefore a pre­ 
requisite of the loan. The law requires 
this valuation to be carried out for the 
building society by 'a competent person' 
and inevitably this means a Chartered 
Surveyor or Incorporated Valuer.
This means the valuer has a captive 
market and mortgage valuations provide 
a high proportion of the fee income of 
valuation practices. At an average fee of 
£70 per valuation, this market is worth 
close to £60 million per annum.
The latest survey of the housing mar­ 
ket in England and Wales by the Royal 
Institution of Chartered Surveyors 
reported rising prices, healthy demand, 
and in some areas a shortage of available 
properties all of which points to a busy 
summer ahead.
'ices for houses are booming all over the country 
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Rising prices and 
in some areas a 
severe shortage
So any help in speeding up the valu­ 
ation process would help the valuers and 
might mean a cheaper service to their 
customers.
Of course most of those potential cus­ 
tomers are rather cynical about the pro­ 
fessional services on offer to the house 
buyer. But despite the feeling to the con­ 
trary, a Building Society valuer is trained 
to cive an impartial assessment of what a
in the housing boom
particular property will fetch on the open 
market. This blameless fellow has to lay 
aside his personal preferences and pre­ 
judices and ignore those who would 
grease his palrri for the right result.
That said, his trade remains enigma­ 
tic. He may study valuation processes 
such as Discounted Cash Flow and 
Equated Yield but in the end valuers are 
taught to value residential property 
largely through practical experience.
Incomplete details 
and forced sales 
affect the figures
This makes it very difficult to analyse 
the technique and computerise it. The 
knowledge involved is combined and 
used so rapidly, it is difficult to dissect it 
into component parts. The problem is 
compounded when the generally poor 
quality of information about comparable 
properties used in property valuation is 
considered.
Details of comparable sales are rarely 
complete and forced sales — sales 
between families, and special purchas­ 
ers, all affect the usefulness of informa­ 
tion. There have been studies based on 
house price analyses but these have 
proved inconclusive.
Studying the working methods of a 
valuer and recreating them in an expert 
system is an alternative method.
The Department of Estate Manage­ 
ment started its project in order to pro­ 
duce a working expert system and to 
assess the suitability of currently avail­ 
able soft ware.
Of the five conventional requirements 
for expert systems success — a clearly 
defined narrow subject area; reliable 
documented knowledge; static knowl­ 
edge; explicit codes of practice or rules; 
;md ;m articulate interested expert — the
valuation project could only satisfy the 
latter and inevitably this busy person was 
usually inaccessible!
Undeterred, the project leaders drew 
up a list of requirements to assess the 
suitability of commercially available 
expert systems shells.
These were: forward chaining ability 
so the system would conclude an accept­ 
able value for a subject property when 
fed information about it; 
access to external functions — since resi­ 
dential valuations are based on compari­ 
sons with other properties of a similar 
type and location, the system would have 
to access a database of comparable prop­ 
erties;
uncertainty — property values tend to 
increase with time and the valuation 
related to a specific point in time, so 
some element of uncertainty is required 
to adjust valuation figures when com­ 
pared to earlier or later dates; 
ease of use and construction — shell 
suppliers claim their product is user 
friendly but impartial advice is hard to 
come by, the project decided the IF, 
THEN rule systems were the easiest to 
understand; 
IBM PC hardware;
reasonable cost — to the Department 
and the potential end user.
After doing the rounds of confer­ 
ences, exhibitions and wading through 
product literature, the researchers 
arranged demonstrations and chose KES 
and SAVOIR — SAVOIR was eventu­ 
ally chosen because it was immediately 
available.
Having selected a suitable shell, or 
rather one with the least amount of 
drawbacks, the researchers had to simu­ 
late the valuation process. The chosen 
expert for 'debriefing' was a valuer with 
20 years experience in the fied who was 
keen to work on the project. They then 
had to identify the key concepts used by 
the valuer and define what knowledge he 
used, how it was structured, what deci­
sions he then made and the information 
he needed.
There are added difficulties. Of 
course, any expert will often tell you 
what he ought to do or what he thinks he 
does, rather than what actually happens. 
A valuer who inspects a property from 
the front seat of his car obviously won't 
say so. Sometimes the justification of a 
valuation for which there is poor com­ 
parable evidence makes for pretty 
unconvincing reading, which is why auc­ 
tions of these properties are so popular.
Then there is 'the paradox of exper­ 
tise' — the more competent an expert is 
the greater the difficulty he has in 
describing how he solves a problem.
Induction packages which can deduce 
general rules and relationships between 
items when fed past case records can 
help elicit this knowledge. Their lack ol 
numerical ability and the lack of case 
records from which to form rules meant 
the project researchers couldn't use 
them.
The alternative methods considered 
included: observation — of the valuer ai 
work while he provides a commentary 
introspection — where the valuei 
analyses his own valuation process anc 




computer representation; interviewin; 
— which combined the above with inter 
rogation and is rather hazardous; ant 
system building by an analyst which i 
then criticised by a professional val 
ucr; a combination of all these.
All have drawbacks relating to rcpre
senting what is, as opposed to wh;
the valuer or interrogator or obsc^c
Turn to page I
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assumes or thinks. System builders tend 
10 use a combination of techniques and 
applying this commonsensical approach, 
the following format was developed for 
the project.
|. Key areas of knowledge were iden­ 
tified from initial exploration of the sub­ 
ject area during meetings with the pro­ 
fessional valuer.
2. These ideas were further developed 
using more interviews and observational 
techniques.
Legally you must 
get within 10% 
of the experts
3. These preliminary ideas were evalu­ 
ated and an approach to the problem for­ 
mulated.
4. A crude prototype was then imple­ 
mented within the computer to see how 
practical it was and to highlight problem 
areas.
5. On the basis of this evaluation, 
further work was carried out analysing 
what little documented evidence of past 
cases was available, and conducting 
further interviews with the valuer.
6. These developments were then used 
to create a prototype which could be 
tested against unused cases to gain an 
assessment of this initial model.
This resulted in the following broad 
framework for system operation:
1. Based on the property's address, the 
system locates within one to 49 discrete 
areas of Cardiff as defined by the valuer.
2. From this area, the valuer suggests 
comparable properties against which the 
value of the property is assessed.
3. Criteria regarding property can then 
be requested by the system for more 
detailed comparison with other proper­ 
ties.
The system then produces a range of 
possible values for the property. Legally, 
this range has to be within 10% of the 
value produced by the professional val­ 
uer to be considered acceptable. The 
project used 5 per cent as acceptable.
Having developed a system for pro­ 
ducing residential property valuation for 
mortgage purposes, the project then had 
to find a way to represent that know­ 
ledge within a prototype. The three 
methods of knowledge representation 
available are: production rules (if-then), 
semantic or inference networks where 
from two statements you can infer a 
third, and frames or stereotyped situa­ 
tions to which values or actions are 
attached.
The production rules method is attrac­ 
tive because it is relatively simple and 
easy to explain but it does not work well 
with uncertain information and when 
there is little statistical information. 
Inference networks are useful when the 
reasoning is hierarchical or based on 
complex classifications and they can be
broken down into further plausible 
relationships. For example, you can 
deduce that 10 Downing Street has roof 
joists from the first statements: All 
houses are buildings, 10 Downing St is a 
house. Inference networks can also be 
used to represent uncertainty.
The project couldn't take advantage 
of frames because a suitable frame-based 
shell wasn't available at the outset. This 
method would have been useful because 
they are particularly suited to problems 
where expectations about situations
Valuers have a captive market, a market worth £60 million a year
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Often he has an
expectation based
on the address
arise. Very often a valuer has an expecta­ 
tion of what he has to value, based on an 
address or sale price he has to confirm.
The project eventually used SAVOIR 
which operates an advanced inference 
network and can also operate as a pro­ 
duction rules system. As it transpired, 
the prototype consists almost entirely of 
production rules. The method's ease of 
use and construction won the day.
The system includes subsystems deal­ 
ing with facts such as state of repair, 
house type and size and other value- 
related factors. The system then defines 
an initial range of values based on com­ 
parable properties in the same area — 
the range can be as high as 30% of the 
final figure achieved. And by asking the 
user further questions about the prop­ 
erty, the system narrows the value down. 
The final value range is then compared 
with the sale price and suitable advice 
given.
It will recommend that the mortgage 
loan be approved up to the asking price 
or that the loan be subject to a lower 
limit or that the asking price is too low 
and it should be checked to make sure no 
special circumstances are attached to the 
sale. If there is no asking price as in the 
extension of an existing loan, the loan 
will be approved if the computer pre­ 
dicted value agrees with the valuer's 
assessment value.
The prototype will now be more fully 
developed to address issues involved in 
using uncertain and incomplete informa­ 
tion. The results of this work will provide 
an insight into the most suitable methods 
of representing uncertain information in 
valuation expert systems. Hopefully a 
future system will more accurately repre­ 
sent the valuer's expertise — particularly 
that ability to infer solutions Ifl the 
absence of complete information — a 
particularly human characteristic.
Expert Systems for Rating Valuation
lan P Scott, BSc and Stuart A Gronow. MA, BSc, ARVA, Department of Estate 
Management and Quantity Surveying, The Polytechnic of Wales
ftst strides have been taken in recent 
pars in producing "expert systems" for 
tiwy different areas of property valua- 
tion work. These systems describe com- 
(Otsr programs which replicate human 
yperience in particular specialist fields. 
tnthis fascinating article lan Scott, a full 
Ime research assistant, and Stuart Gro- 
Mtt, senior lecturer in valuation, at the 
folytechnic of Wales, set out the lessons 
faised from a three year project on 
implying such a system to valuing re- 
sfontial property for mortgage pur­ 
poses and discuss its possible applica- 
tion in the future to rating valuations.
InlrodwtiM
An expert system is a computer program 
which encapsulates human expertise in a 
particular area of specialisation. Consequent­ 
ly an expert system is able to offer advice in 
the manner of a human consultant and at the 
same level of expertise. An expert system for 
property valuation should therefore be able 
to offer advice within a defined area of spe­ 
cialisation, for example mortgage valuation, 
portfolio analysis, rating, etc. Additionally, 
because the system models human exper­ 
tise, it should be able to explain to the user its 
reasons for a particular course of action or 
recommendations as to a valuation. The ex­ 
pert system should be able to defend, or 
justify, its deduced solution therefore in the 
same fashion as a human valuer is often 
called upon to do.
Expert systems usually operate by ques­ 
tioning the user and reasoning logically 
around the responses obtained, in order to 
produce conclusions and consequent advice. 
A further feature which distinguishes expert 
systems from conventional computer prog­ 
rams is their ability to derive a solution in the 
absence of complete information or by using 
uncertain information much in the way a 
human valuer is often called upon to do.
Propel ty System
Computer programs for property valuation 
are now fairly common place. Mass appraisal 
programs for taxation purposes are, or have 
been in operation in the United States, Au­ 
stralia and New Zealand for example. Similar­ 
ly, investment analysis and development 
appraisal packages are widely available both 
in the United Kingdom and abroad. Within 
the UK however, property valuation prog­ 
rams have seen relatively little application. In 
the public sector Scotland has assessment 
systems for local taxation purposes, but 
these are; designed to give uniformity of 
assessment, rather than a true property 
value. The one common feature of all these 
programs is that they are not expert systems. 
They do not have the flexibility of the human 
valuer, they cannot operate with incomplete 
or uncertain data, nor can they justify the 
valuation conclusion that they produce. All of 
these characteristics are exhibited by expert 
systems.
The development of a computer program 
which can, like certain existing systems, pro­ 
duce rating valuations quickly and efficiently, 
but in addition is able to assist the user in 
explaining how an assessment was arrived 
at, both to other valuers and the general 
public, would enhance the operation of rating 
departments whether public or private. Con­ 
siderable benefits would result in the more
efficient use of both professional and clerical 
staff and in an improved customer confi­ 
dence in the service offered.
Currant RMMrch
At the Polytechnic of Wales a three year 
project is currently being undertaken to in­ 
vestigate the development of an expert sys­ 
tem for valuing residential property for mort­ 
gage purposes. The results of the first eight­ 
een months of the project have indicated that 
this system may also prove very suitable for 
other applications within the property valua­ 
tion world, including rating valuation. A small 
prototype has been constructed which relates 
to a discrete area of north Cardiff. This system 
has so far exhibited a high degree of accura­ 
cy; some 85 per cent of properties being 
valued to within 2.5 per cent of the mortgage 
valuation figures returned by the profession­ 
al valuer on whom the system is modelled. 
The remaining 15 per cent of properties are 
valued to within 5 per cent of the returned 
value.
The system is currently being extended to 
interface with a property database thus 
enabling it to select its own comparable data 
in the same manner as the human valuer and 
thence to produce its recommendations as to 
mortgage value. This will also enable the 
system to operate over a wider geographical 
area, and will supply more test data. The 
progress made with this system has con­ 
vinced us that this method of expertise 
simulation, rather than the traditional re­ 
liance upon statistically derived relationships 
in property data, is a practical approach to the 
problems encountered. Additionally, in an 
application where complete information is 
available, where only small elements of sub­ 
jective opinion are required and in which 
fairly clear cut "correct" values are present as 
in most "tone of the list" rating assessments, 
it is considered that very high levels of 
accuracy could be achieved.
The current mortgage valuation system clear­ 
ly sets a precedent with which to approach 
other areas of valuation expertise. It is our 
contention that particularly in areas of very 
well structured valuation techniques such as 
rating "pattern assessments", the question 
and answer operation style of expert systems 
consultations would be beneficial in eliminat­ 
ing errors and speeding up the valuation 
process. Such a system could relatively easily 
be developed, utilizing many of the oper­ 
ational features of the current mortgage 
valuation system and could operate as fol­
lows:
• The system requests the type of here­ 
ditament to be valued.
Rating and Valuation June 1967
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•The system requests the location of the 
hereditament to be valued. Based upon 
this information a basis value would be 
ascribed to the property based on com­ 
parable data in the same localised area, 
accessed from an independently main­ 
tained database of properties.
|The system questions the user regarding 
particular features of the class of here­ 
ditament which could have an effect on 
the assessment, for example area, age of 
property, height, number of floors, etc 
and generates a more accurate valuation 
(or the subject property.
• The system would then conti nue to ques­ 
tion the user regarding other features 
which might affect the assessment.
• This process would refine the original 
valuation into a final figure to be checked 
by the appropriate staff grades, as cur­ 
rently happens in the Valuation Office, 
and then used for assessment purposes.
•An "explanation" of the valuation could 
be requested and checked for consisten­ 
cy of approach.
Further advantages would accrue in that, 
Bcause the system is based upon question 
nd answer sessions, the introduction of 
ductant staff to other computerised valua- 
iori packages would be made much easier. 
Additionally because the system could also 
nplain the basis on which the decision or 
uluation has been made, the solutions 
iffered should be more readily accepted. This 
rauld lead to increased confidence in these 
lind of valuations which would be, and would
be seen to be, supported by a reasoned, 
logical process rather than subjective 
opinion.
Conclusion
It is clearly possible to build an experimental 
rating valuation system drawing upon the 
expertise gained in developing our own small 
mortgage valuation prototype. The resulting 
systems would perhaps better be described 
as a "technician system" rather than an 
"expert system" since some of the features 
which are generally cited to define expert 
systems, such as the use of uncertain in­ 
formation, would be curtailed in use. How­ 
ever we consider that the advantages of ease 
of use, the transparency in operation of the 
system and the explanation features general­ 
ly present in most expert systems packages 
may overcome many of the reservations of 
the valuation profession towards convention­ 
al programs.
As with all other expert systems applica­ 
tions the major problem would be one of 
knowledge acquisition, that is producing a 
complete representation of rating valuation 
expertise suitable for inclusion within the 
expert system. A joint project with the Valua­ 
tion Office, with consequent access to the 
necessary data, coupled with the in house 
expertise available, would considerably ease 
this problem. Even without this link should 
any individual or organisation wish to de­ 
velop an expert system upon the lines sug­ 
gested above, the department would wel­ 
come the opportunity to be involved.
NALGO Prize Awarded to RVA Member
totth W Bott, a student member of the 
taociation, has been awarded the Nortrop 
"wioriel Prize by NALGO for his overall 
Mormance in the final examinations. All
*umbers will congratulate him on this
*diwvement.
fortth who enrolled with NALGO on the 
«i August 1985, passed the Association's
*• 2 final examinations in May 1986. He
*jpl«ed the course in just nine months,
*™g which time he submitted the fullest 
"toontof written work for which he achieved 
'*Y high average of marks.
* works as a rate recovery officer in the
"^•department of Wrekin District Council
'•"Ofd. He has worked in local govern-
*™ "nee leaving school in 1972. He was 
jj?rit*' firstly as a trainee accountant for 
JTWflton Rural District Council and, on 
90v«rnment reorganisation in 1974, he 
T^to Wrekin, at the same time transfer- 
""o rating administration. Whilst remain-
Gareth Bott
ing with Wrekin he has progressed from 
income clerk to recovery officer and is pre­ 
sently looking for promotion into the man­ 
agerial levels of an income division.
"What worries me about a poll tax
are the implications for our third
and fourth homes."
Book Received
Rent Acts - Selected Case Law Guide.
The Institute of Rent Officers Educational 
Trust has recently published the twenty first 
supplement to Rent Acts - Selected Case Law 
Guide. Orders for the substantive work and 
the supplements can be obtained on applica­ 
tion to the Secretary of the Institute of Rent 
Officers Educational Trust, Moulsham House, 




House valuations — get an 
expert opinion
Expert systems are being hailed as the next revolution 
in software. Stuart Gronow and lan Scott explain how 
such systems might be of use in mortgage valuations.
EXPERT systems are computer pro­ 
grams ahle to offer advice at the level of 
a professional consultant. An expert 
! system for property valuation would 
therefore not only be ahle to offer 
advice about its area of valuation 
specialisation, hut would also be able to 
• explain the reasoning behind its solu- 
' tion in a manner similar to that of a 
; human valuer.
'< In addition, the property valuation 
: expert system would be able to derive a 
; solution in the absence of perfect 
information, in much the same way us a 
human valuer is often called on :o do. 
At the Polytechnic of Wales a three- 
year project is investiaatins: the 
development of a mortgage valuation 
expert system as part of a wider project 
to investigate the suitability of expert 
' systems for residential propem valua- 
i tion work. This pioject has so far 
resulted in a small prototype, based on 
the expertise of a single building society 
| valuer, which can offer valuation advice 
minting to properties located within a 
small area of urban property in North 
Cardiff.
The system is considered to represent 
an admittedly small part of the chosen 
valuer's professional expertise suffi­ 
ciently well to justify further develop­ 
ment work and enhance its performance 
to reproduce more fully the valuer's 
knowledge.
The current project invokes a valuer 
who has over 20 years' experience of 
mortgage valuations in the Cardiff area. 
His expertise in property values, or 
more correctly property valuation, is 
being fed into the system's 'shell'.
As a short definition, expert system 
shells are empty systems which require 
only the specialist knowledge relating to 
an area of expertise to become useful 
consultancy tools. Different shells can 
therefore be used with different files of 
knowledge, or knowledge bases. These 
shells reduce the requirement for the 
knowledge engineer to be a computer 
programmer, and it is often claimed that 
the expert whose knowledge is to he ; 
encapsulated can act as his own know- j 
ledge engineer. It is. however, difficult |
for the expert to view his ability objec­ 
tively, and to be able to dissect his skills 
into their component parts, thus making 
them suitable for inclusion within the 
shell.
These problems make the construc­ 
tion of the expert system knowledge 
base, as a discrete body of valuation 
expertise able to operate upon the case 
data for a particular property, very 
difficult. Despite this, the point should 
be made that in our own experience, 
and that of others, these problems are 
not insurmountable.
The knowledge base of the current 
system was constructed by interviewing 
the valuer, questioning him about his 
valuation techniques and past cases, 
and also by the analysis of some of those 
cases. By discussing these topics at 
length it is possible to find out exactly 
why a decision was taken, or a recom­ 
mendation made in a particular case.
From this representation the pro­ 
totype system was developed. Clearly 
the perfect expert system would repli­ 
cate the working methods of the profes­ 
sional valuer. Unfortunately it is dis- 
advantaged in that the valuer is able to 
inspect a property himself, thereby 
gaining an overall impression of it in the 
light of his past experience. The expert 
system can only get this kind of informa­ 
tion second-hand. There is therefore 
room for misinterpretation of informa­ 
tion between the valuer and the compu­ 
ter. Similarly subjective elements of 
value, such as state of decor, are hard to 
quantify accurately.
It was concluded that the prototype 
should contain elements of comprom­ 
ise. For example, time of sale was 
ignored in the prototype.
The prototype has now been con­ 
structed within the expert system shell 
and operates in the following fashion: 
basic data concerning the following 
value-related variables is obtained from 
the user for a subject property. 
I Does the case concern an open 
market value sale, and if so what 
figure is to be considered lor the 
mortgage loan'.' 
2. The tenure of the property, and the
necessity or otherwise of buying out 
the freeholder's interest.
3. The location.
4. The house type.
5. The house size in terms of reduced 
covered area (sq. ft.orsq. m.).
6. The presence and type of garage.
7. The presence or otherwise of cen­ 
tral heating. 
X. The presence of full mains services.
9. The structural stability of the prop­ 
erty.
10. The state of repair disregarding the 
structural stability of the property. 
1). The general impression gained of 
the property in relation to the com­ 
parable properties available.
Having received basic information 
regarding house size, location and type, 
the system produces a range of values 
based upon the price per sn. ft. for 
comparable properties in the immediate 
locality. This information was gained 
from the analysis of past cases carried 
out by the valuer over the previous year 
in the Thornhill area.
This basic value is then refined with 
reference to comparable properties as 
further information regarding the sub­ 
ject property is gained until a recom­ 
mendation of value can be made.
It should be clear from the above that 
the prototype is rather crude and sim­ 
plistic. It has suggested, however, that 
the use of small local databases, in the 
same way as valuers use them, might 
provide a more promising approach to 
the simulation of an expert valuer's skill 
than the mass appraisal, city-wide data­ 
base approach used in multiple regres­ 
sion analysis.
Having constructed Jhe prototype it 
was considered necessary to elicit the 
valuer's comments about the system 
and to run some test cases through the 
computer in order to evaluate its per­ 
formance in this unsophisticated state. 
The valuer was generally satisfied with 
the system, but did make several sug­ 
gestions to improve its operation and 
the presentation of information to the 
user. Once these alterations were made 




At this point an impasse arose. 
Should the accuracy of the system be 
tested with reference to the values 
returned by the valuer, or to the agreed 
market value of a property? Clearly to 
validate a system which is supposed to 
simulate the valuation technique of a 
particular valuer, accuracy must be 
measured with reference to that valuer. 
Unfortunately, a valuer can only carry 
out, and indeed h> only required to carry 
out, a set number of cases within a given 
time period. The number of available 
test cases within the chosen area will 
therefore be severely limited, particu­ 
larly when it is noted that some cases 
have already been analysed to assist in 
building the knowledge base, and can­ 
not therefore be used in the tests. Tests 
based on the small amounts of evidence 
left can also be criticised in terms of 
statistically poor sampling.
The alternatives of more plentiful 
cases from another valuer, or sales data 
from a local estate agent dealing in the 
area can also be criticised. While more 
acceptable in terms of statistically con­ 
clusive test results, it is moving away 
from the ideal of one expert simulation. 
Quite simply a test based on this 
information would not compare like 
with like.
The problem of system validation is 
clearly major and has yet to be resolved 
satisfactorily. Tests carried out using the 
valuer's past cases not used in building 
the knowledge base resulted in 85% of 
the subject properties being valued to 
within 2.5% or the value returned by the 
valuer. The remaining 15% were within 
5% of that figure. While acknowledging 
the deficiencies outlined above, it was 
considered that these results were 
highly encouraging, particularly when 
the small number of variables used in 
the model are considered.
Further test cases were then carried 
out using sales data from a local estate 
agency. As might be expected, when 
valuing with reference to an agreed sale 
figure rather than the figure returned by 
the valuer, this resulted in a degradation 
of performance to only 60% of pre­ 
dicted values falling within 10% of the 
original asking price. The cases were, 
however, considered useful, in order to 
discuss the properties with the valuer 
and thereby obtain further information 
which could be used to refine the 
system.
The construction of discrete local 
databases, mirroring the way valuers 
draw comparable data from small urban 
areas where possible, may lead to a 
generally applicable mortgage valua­ 
tion expert system. When linked to 
databases of comparable properties 
from different geographical areas, it 
should still be able to derive mortgage
valuations for subject properties. The 
expertise used in carrying out a mort­ 
gage valuation would effectively be 
divorced from the data required to 
derive the valuation figure. This general 
expert system could conceivably be 
used across the country, subject to a 
short period of adaptation.
While such a system is some distance 
in the future, the possibilities for larger 
organisations requiring countrywide 
valuations are enormous.
In the context of the work of the 
general practice valuer there are several 
areas of valuation expertise which could 
be considered separately. For example, 
valuations for compulsory purchase 
compensation, valuations for rating
used by lay staff with little fear of 
misinterpretation of the advice offered 
by the system. Other applications are as 
far afield as financial planning and 
corporate recruitment.
The above gives a brief outline of the 
current mortgage valuation expert sys­ 
tem. It can be criticised as simplistic, but 
it fulfils the objectives set for it in that it 
demonstrates the practicability of 
expert systems for this kind of work, 
and shows an acceptable degree of 
accuracy.
It should be emphasised that the 
current project is one of academic 
research, but the results should have a 
direct practical relevance to the valua­ 
tion profession in the future, particu-
Local database.'; are the key to a general system.
purposes, development appraisal. 
valuation of freehold and leasehold 
properties, valuations at rent reviews 
and lease renewals, valuations for insur­ 
ance and for mortgage purposes.
Many of these areas overlap and 
require the valuer to display a depth and 
breadth of knowledge uncommon in 
other disciplines. While accepting that 
this is possible, in many cases it is 
unrealistic. It is our contention that 
expert system shells programmed with 
the requisite knowledge could be used 
to supply this specialist advice to the 
general practice valuer.
An obvious extension of the shells 
idea is an off-the-shelf package contain­ 
ing a completed knowledge base. This 
idea of 'take-away' knowledge has 
already been taken up in some other 
areas, particularly law. where both data 
protection and statutory sick pay leg­ 
islation has been produced in expert 
system form. The advantages are that 
complex pieces of legislation can be
larly in the education of valuers, in 
terms of understanding more thor- 
oushly just how valuers value residen- 
tiaf property.
Competing professions, many of 
whom completed their own information 
technology revolution before us, are 
now actively investigating expert 
systems in order to improve their 
knowledge handling techniques. The 
result of this competition should be a 
growing awareness of the potential of, 
and an increasing willingness on the part 
of valuers, to develop expert systems 
applications within their own areas of 
expertise. The information technology 
revolution may be nearly over, but the 
race in the knowledge industry is only 
just beginning.
Stuarl Gronow is senior lecturer in 
valuation, and lun Scoti is a research 
assistant, in the Department of Estate 
Management and Quantity Surveying at 
the Polytechnic (if Wales.
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lan Scott and Stuart Gronow iMofigage Valuation
expert system
^n "expert system" is a computer system containing expert knowledge. The system 
ctn also implement that knowledge so as to be able to act as a "consultant expert'' in 
Ibespecialised field. It is this emphasis on the ability to utilise knowledge rather than 
fata, as in conventional computer programs, that has led to them also being known 
as "intelligent knowledge-based systems". It is also the single most important 
feature in distinguishing expert systems from traditional algorithmically based 
computer programs.
An expert system typically requires the 
user to provide answers to relevant questions 
in order to supply advice based on the 
responses generated. In addition the system 
is able to justify or explain the reasoning 
behind a course of action it recommends, in 
order to defend its deduced solution. An 
expert system for the mortgage valuation of 
residential property is currently being devel­
oped at the Polytechnic of Wales. This paper 
provides an overview of the project and 
describes the current state of system develop­ 
ment. Additionally the results of preliminary 
testing and an outline of the future develop­ 
ment programme will be presented.
Introduction
Expert systems projects within the prop­ 
erty world are at last becoming firmly 
established across a range of disciplines. 
When quantity surveying at Portsmouth 
Polytechnic and Salford University, port­ 
folio valuation at the City University and 
development control at both Essex Universi- 
ty and Oxford Polytechnic are considered, it 
is clear that the applications for these sys­ 
tems are proliferating.
At the Polytechnic of Wales a three-year 
project is investigating the development of a 
mortgage valuation expert system as part of 
a wider project to investigate the suitability 
of expert systems for residential property 
valuation work perse. As part of this project 
aprototype expert system is being built using 
SAVOIR, one of the many expert system 
"shells" now available in the UK.
Put simply, a "shell" is one half of an 
expert system. It contains the inference or 
reasoning mechanism, user interface, and 
the explanation facilities of the expert sys­ 
tem. As such it requires the user only to 
create the files of specialist knowledge 
relating to the field of expertise required — in 
our case mortgage valuation techniques. 
Obviously the procedure is not quite as 
simple as that — the shell has its own internal 
language into which the knowledge must be
and Sluarl Gronow .if/I «s< ISIM of the 
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translated — but the use of a shell can 
alleviate the need to employ specialist pro­ 
grammers to build the expert system, and can 
be considered a major shortcut in system 
building.
The project has so far resulted in a small 
prototype, based on the valuation expertise 
of a single building society valuer, which can 
offer valuation advice relating to properties 
located within a small area of urban property 
in North Cardiff.
This system is considered to represent an 
admittedly small part of the chosen valuer's 
professional expertise sufficiently well to 
justify further development work to extend 
the system, and enhance its performance to 
reproduce more fully the valuer's.knowl­ 
edge.
The professional valuer
The current project involves the expertise 
of a single building society valuer who has 
over 20 years' experience of mortgage valu­ 
ations in the Cardiff area. It is his knowledge 
and experience which form the basis of the 
system. This knowledge, however, like all 
specialist knowledge, is not easily accessible 
for several reasons:
(1) The valuer's expertise has been gained 
through practical experience. It has never 
therefore been explicitly written down — 
or even thought through. The knowledge 
required for a particular valuation is 
compiled and used so quickly that the 
valuer is hot necessarily aware of what 
knowledge he is actually using.
(2) Even if the valuer is aware that he is using 
a particular technique, it may still be very 
difficult for him to describe it fully.
(3) The valuer has different kinds of valu­ 
ation knowledge. Some may be periph­ 
eral , such as the state of the local housing 
market generally for example; some may 
be very specific, such as problems with a 
particular site which has perhaps been 
poorly filled. The question of which 
information is the most applicable at a 
given time is not necessarily straightfor­ 
ward.
(4) Finally, the question of distinguishing 
what is actually valuation knowledge 
personal to the valuer, and what is simply 
information about a particular property, 
has to be resolved.
These problems make the construction of 
the expert system "knowledge base", as a 
discrete body of valuation expertise able to 
operate upon the case data for a particular 
property, very difficult.
The knowledge base of the current system 
was constructed by interviewing the valuer, 
questioning him about his valuation tech­ 
niques and past cases, and by the analysis of 
some of those cases. By discussing these 
topics at length it is possible to find out
exactly why a particular decision was taken, 
or a recommendation made in a case.
Having elicited a basic representation of 
the valuer's expertise, a simple paper-proto­ 
type was drawn up which followed as closely 
as possible the working methods used by the 
professional valuer. From this "ideal" rep­ 
resentation the prototype system was devel­ 
oped.
The proposed system
Clearly the perfect expert system would 
replicate the working methods of the pro­ 
fessional valuer. Unfortunately the expert 
system is disadvantaged in that the valuer is 
able to inspect a property himself, thereby 
gaining an overall impression of it in the light 
of his past experience. The expert system can 
only get this kind of information second­ 
hand. There is therefore room for misinter­ 
pretation of information between the valuer 
and the computer. Similarly subjective el­ 
ements of value, such as the state of decor­ 
ation, are hard to quantify accurately. 
Bearing these points in mind it was envisaged 
that the prototype system would be construc­ 
ted incrementally and would consist of 
several sub-systems dealing variously with: 
repair, location, house type, size and other 
value-related factors defined by the valuer, 
these sub-systems to be linked when func­ 
tioning correctly.
Time of sale was ignored in the prototype. 
Probably in the future it will be treated 
indirectly, by using comparables only for a 
relatively short period of time. Properties 
would therefore be compared with sales 
from a similar period, this period being 
reduced in times of local house price infla­ 
tion and lengthened in periods of stability.
Residential property is valued by compari­ 
son with similar properties within an im­ 
mediate locality as defined by the valuer in 
terms of homogeneity of housing and geo­ 
graphical size.
For mortgage valuations the valuer has a 
"top book" price for a house type and 
location. He then attempts to match his 
subject property with past cases. If no match 
is available he then goes on to look for the 
nearest alternatives and extrapolates from 
these.
Classification of the attributes of a prop­ 
erty into useful codes may have been carried 
out by the valuer already as he keeps his own 
case records in brief notes. It can be argued 
that these notes will form a suitable short­ 
hand, or "condensed" version of what the 
valuer considers important in the compari­ 
son process. These notes should therefore 
form the basis of prototype which seeks to 
reproduce the expertise of the professional 
valuer.
The result of this paper-plan was that on 
receipt of basic information — location, type 
and size — the system should access a data 
base of comparable properties. These com­ 
parables will be within the immediate locality 
of the subject property, this "locality "being 
defined by the valuer as an area from which 
comparables can reasonably be taken. The 
system will then attempt to "match" the 
subject with the available comparables, thus 
defining a potential range of value.
Values for stale of repair, decoration and 
desirability, within a location as defined
952>
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, will be assigned to the subject prop- 
based upon the information gained 
iitrough inspection by the valuer. Similarly 
.jg presence of value-related features such as 
.gages and central heating will be estab- 
jshed. Tnis .subjective process will further 
delineate the value range, narrowing the 
jgjpe and emphasising the similarity or 
otherwise of the subject property to the 
(omparables being used.
On completion of this comparison process 
lie agreed purchase price should be con­ 
sidered and compared to the range of value 
jscribed to the subject property. Advice 
would then be dispensed according to the 
relationship between the sale price and the 
tomputer-generated range of value.
The prototype
Since its first formulation this approach, 
while considered "ideal", has been deemed 
somewhat impractical to implement within 
the time scale of the first prototype. A 
decision was accordingly made to implement 
asystem based upon the valuer's expertise, 
but relating to one of 49 discrete areas of 
urban property within the Cardiff area as 
defined by the valuer, and to one type of 
bouse within that area.
The arguments behind this decision are 
fourfold:
(1) The system will perform a similar func­ 
tion on each set of data in each geo­ 
graphical area. If a system can be con­ 
structed which works in one area there is 
justifiable reason to conclude that a 
larger system would simply replicate this 
procedure.
(2) It is impractical to construct a sufficient­ 
ly large database of comparable proper- 
lies within the timescale of the project to 
cover the whole of the Cardiff area.
(3) The linking of SAVOIR, the expert 
system shell, to a database will require 
input by professional programmers, or 
the purchase of a suitable database 
package and a SAVOIR/DATABASE 
interface from the makers of SAVOIR.
(4) It was considered desirable to have a 
prototype running relatively quickly to 
maintain the interest of the expert, and to 
elicit his comments upon its operation. 
The prototype has now been constructed
whin the expert system shell and operates in
the following fashion. 
Basic data concerning the following value-
relaied variables is elicited from the user for a
subject property.
(1) Does the case concern an open market 
value sale, and if so what figure is to be 
considered for the mortgage loan?
(2) The tenure of the property, and the 
necessity or otherwise of buying out the 
freeholder's interest.
0) Location (Thornhill in this case).
H) House type.
(5) House size in terms of Reduced Covered 
Area(sq ft or m !).
(6) Type of garage. 
I7) Central heating. 
(8) Full mains services. 
(') The structural stability of the property. 
CO) The state of repair disregarding the
structural stability of the property. 
( ")The general impression gained of the 
property in relation to the comparable 
Properties available.
n»ving received basic information re- 
«a™'ng house size, location and type the 
produces a range of value based on
the price per sq ft for comparable properties 
in the immediate locality. This information 
was gained from the analysis of past cases 
carried out by the valuer over the previous 
year in the Thornhill area.
This basic value is then refined with 
reference to comparable properties as 
further information regarding the subject 
property is gained, until a recommendation 
as to value can be made.
It should be clear from the above list that 
this prototype is as yet crude and simplistic.
It has suggested, however, that the use of 
small local databases — just as valuers do in 
practice — may provide a more promising 
approach to the simulation of an expert 
valuer's skill than the mass appraisal, city- 
wide database approach used in multiple 
regression analysis.
Additionally, while there are as yet only 
rudimentary facilities to deal with uncertain 
information (such as matters of opinion), the 
prototype has given indications of which 
areas of expertise require the ability to use 
this information and which do not.
Results of testing
Having constructed the prototype the 
valuer's comments on the system were 
sought and some test cases run through the 
computer to evaluate its performance in this 
unsophisticated state.
The valuer was generally satisfied with the 
expert system, but made several suggestions 
to improve its operation and the presentation 
of information. Once these alterations were 
made it was decided that testing could 
commence.
It is at this point that an impasse arises. 
Should the accuracy of the system be tested 
with reference to the values returned by the 
valuer, or to the agreed market value of a 
property?
Clearly to validate a system which is 
supposed to simulate the valuation tech­ 
nique of a particular valuer, accuracy must 
be measured with reference to that valuer.
Unfortunately a valuer can only carry out 
— and indeed is only required to carry out — 
a set number of cases within a given period. 
The number of available test cases within the 
chosen area will therefore be severely 
limited, particularly when it is noted that 
some cases have already been analysed to 
assist in building the knowledge base, and 
cannot therefore be used in the tests. Tests 
based upon the small amounts of evidence 
left can also be criticised in terms of statisti­ 
cally poor sampling.
The alternatives of more plentiful cases 
from another valuer, or sales data from a 
local estate agent dealing in the area, can also 
be criticised. While more acceptable in terms 
of statistically conclusive test results, it is 
moving away from the ideal of one-expert 
simulation. Quite simply a test based on this 
information would not compare like with 
like.
The problems of system validation are 
clearly major and have yet to be satisfactori­ 
ly resolved. Tests carried out using the 
valuer's past cases, not used in building the 
knowledge base, resulted in 85% of the 
subject properties being valued to within 
2.5% of the value returned by the valuer. The 
remaining 15% were within 5% of that 
figure. While acknowledging the deficien­ 
cies outlined above, it was considered that 
these results were highly encouraging, par­ 
ticularly when the small number of variables 
used in the model are considered.
Further test cases were then made using 
sales data from a local estate agency. As 
might be expected, when valuing with refer­ 
ence to an agreed sale figure rather than the 
figure returned by the valuer, this resulted in 
a degredation of performance, with only 
60% of predicted values falling within 10% 
of the original asking price.
The cases were, however, considered 
useful in order to discuss the properties with 
the valuer and thereby elicit further infor­ 
mation which could be used to refine the 
system.
Future development
The first prototype has now been extended 
to consider semi-detached and "link" or 
terraced houses within the Thornhill area. 
Work is also in progress to link the expert 
system with a property database manager, 
thus enabling its wider geographical oper­ 
ation and more useful application.
The data held within this larger system will 
be broken down into small local databases 
covering areas defined by the valuer. Each of 
these smaller databases could then be access­ 
ed separately by the expert system package as 
required.
The construction of these discrete local 
databases, mirroring the way valuers draw 
comparables from small urban areas where 
possible, may lead to a "generally applica­ 
ble" mortgage valuation expert system. This 
system, when linked to databases of compa­ 
rable properties from different geographical 
areas, should still be able to derive mortgage 
valutions for subject properties. The exper­ 
tise used in carrying out a mortgage valu­ 
ation would effectively be divorced from the 
data required to derive the valuation figure. 
This "general" expert system could conceiv­ 
ably be used across the country, subject to a 
short period of adaptation for each location 
just as a human valuer takes a few weeks to 
settle into a new area.
While such a system is as yet in the future, 
the possibilities for larger organisations 
requiring countrywide valuations are enor­ 
mous.
In addition to the geographical extension 
of the system, the current rudimentary use of 
uncertain or subjective information within 
the system is to be improved.
This will enable the system to reproduce 
more fully the valuer's ability to offer a 
valuation solution in the absence of perfect 
information, and will provide an insight into 
the most suitable method(s) of representing 
uncertain information within valuation ex­ 
pert systems.
Conclusion
This is a brief outline of the current 
mortgage valuation expert system. Though 
the system itself can be criticised as simplis­ 
tic, it fulfils the set objectives in that it 
demonstrates the practicability of expert 
systems for this kind of work, and shows an 
acceptable degree of accuracy. The progres­ 
sion from this small system to a more useful 
aid to valuers would therefore appear to be 
soundly based.
It must be emphasised that although the 
current project is one of academic research 
the results should have a direct practical 
relevance to the valuation profession in the 
future, particularly in the educational 
sphere, in terms of a more thorough under­ 
standing of the valuer's approach to resi­ 
dential properly.
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Valuation, shells and take-away knowledge
by lan Scott and Stuart Gronow
Expert systems encapsulate human expertise within 
discrete areas of specialisation. Most early expert 
systems were developed by a "knowledge engineer" 
acting as an interface between the computer program 
and the specialist whose knowledge was to be 
encoded. More recently, expert system "shells" have 
been developed, enabling the specialists themselves to 
construct expert systems. Practising professional 
valuers should therefore be able to produce useful 
expert systems.
This paper describes the 
role of the knowledge en­ 
gineer and the use of shells. It 
also briefly describes the 
stages of expert system dev­ 
elopment, with particular ref­
erence to the valuation expert 
system being constructed at 
the Polytechnic of Wales. 
Examples are given of areas 
of valuation work to which 
shells could rapidly be 
applied, and a brief considera-
lin Scott and Stuart Gronow are 
bued at the Department of Estate 
Management and Quantity Survey- 
ing, Polytechnic of Wales.
tion of off-the-shelf expert 
systems for valuation sur­ 
veyors is made.
Introduction
Expert systems are compu­ 
ter programs able to offer 
advice at the level of a pro­ 
fessional consultant. An 
expert system for property 
valuation would therefore 
not only be able to offer 
advice about its areas of valu­ 
ation specialisation, but 
would also be able to explain
the reasoning behind its 
deduced solution in the 
manner of a human valuer. In 
addition, the property valua­ 
tion expert system would be 
able to derive a solution in the 
absence of perfect informa­ 
tion, much in the way the 
human valuer is often called 
upon to do.
It is these factors which dis­ 
tinguish expert systems from 
conventional computer pro­ 
grams. In valuation work, 
computers have seen fairly 
limited application in the UK.
Much has been made of 
Scotland's application of 
computers to rating work. 
The very nature of this use as 
a rating system should indi­ 
cate that it is merely an 
assessment system designed 
to give a uniform basis of 
"valuation", and, hence, com­ 
parability of assessment, 
rather than a true reflection of 
market value. Such a system
can by no stretch of the 
imagination be considered 
an expert system, despite ill- 
considered claims to the con­ 
trary 1 , for the following 
reasons:
(1)The Scottish mass- 
appraisal assessment sys­ 
tem does not accurately 
reproduce the functions of 
the professional valuer; it 
is a mere "number crun­ 
cher".
(2) The Scottish system can­ 
not work within the same 
constraints that pro­ 
fessional valuers are often 
called upon to do, namely 
with incomplete or uncer­ 
tain evidence.
(3) The Scottish system is 
unable to offer explana­ 
tion facilities for the solu­ 
tion it offers.
(4) The Scottish system is 
data-based, expert sys­ 
tems are knowledge-
'
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The NEW CASIO 'SAM 4K +' is a pocket-sized, pre-programmed computer that has been 
designed for professionals in the development industry to perform the above functions for 
both Commercial and Residential properties. The 4K + program offers enormous advantages 
over the highly successful 2K 'SAM', with facilities to calculate mixed developments, perform 
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based. In other words, the 
property valuation expert 
system reproduces the 
professional knowledge 
of a valuer and applies 
that knowledge to com­ 
parable information in the 
same manner as a human 
valuer. Data-based sys­ 
tems rely totally on rigid 
statistical relationships in 
data which in a mass-ap­ 
praisal system may bear 
little relationship to the 




Currently, "knowledge en- 
jneers" play a major role in 
Jost expert systems proj- 
(tts. They act as middlemen 
hiween the computer and 
Ae professional expert, 
((serving and interviewing 
fe, eliciting his expertise, 
ind encoding it within the 
lomputer, thereby enabling 
lie computer to reproduce 
JIB professional's expertise. 
The skills of the knowledge 
nigineer are a combination
of programmer and behav­ 
ioural psychologist. Not only 
must he or she be familiar 
with computers, he or she 
must also be able to establish 
what the professional expert 
is actually doing in the com­ 
pletion of an expert task in 
order to encode it within the 
program. For these reasons, 
among others, knowledge 
engineers are both scarce 
and expensive.
Expert system shells
In response to this short­ 
age of trained knowledge 
engineers have come "induc­ 
tion" expert systems able to 
"learn", for example, cases 
about an area of specialisa­ 
tion, and expert system 
"shells". As a short defini­ 
tion, expert system "shells" 
are "empty" expert systems 
which require only the 
specialist knowledge relating 
to an area of expertise to be­ 
come useful consultancy 
tools.
Different shells can there­ 
fore be used with different 
files of knowledge or "know­
ledge bases". These shells 
reduce the requirement for 
the knowledge engineerto be 
a computer programmer, and 
it is often claimed that the ex­ 
pert whose knowledge is to 
be encapsulated can act as 
his own knowledge engineer 
It is, however, difficult for 
the expert to view his ability 
objectively, and to be able to 
dissect his skills into their 
component parts, thus mak­ 
ing them suitable for inclu­ 
sion within the shell. Despite 
these problems, the point 
should be made that in our 
own experience, and that of 
others, these problems are 
not insurmountable.
Shells and competing 
professions
The valuation profession's 
inherent aversion to innova­ 
tion in its property valuation 
techniques is again in the 
spotlight2 . This provokes the 
question that if the pro­ 
fession does not accept the 
"new" DCF approaches3 how 
is it to be persuaded to accept 
and develop expert systems,
the first "useful" products 
from the even more esoteric 
field of machine intelligence 
research?
The answer, it is hoped, is 
quickly. In expert systems, as 
with more advanced valua­ 
tion methods, the pro­ 
fessions that now threaten to 
take over many of our tradi­ 
tional roles in the provision of 
financial and investment ser­ 
vices are ahead of us. Fur­ 
thermore, they are unlikely to 
waste the professional 
advantage this may have 
given them. The application 
areas may not yet relate 
directly to the property world, 
but it is to be expected that 
the spin-offs will become 
apparent and will be taken 
up.
The legal, accountancy, 
banking and insurance pro­ 
fessions all have ongoing 
expert systems projects and 
seem likely to increase rather 
than reduce their commit­ 
ment to these types of sys­ 
tem. Closer to home, the 
quantity surveyors, whose 
traditional role is also being 
eroded, have their own proj­ 
ects. How long will it be
The Unfair Advantage
PROPERTY PORTFOLIO MANAGEMENT
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tic.
• A very powerful user denned diary system handling all date 
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underthe spotlight, as 
ares in which they could 
use their new-found 
e to steal a decisive 




in the context of the work of
,e general practice valuer
«re are several areas of val-
'^jon expertise which could
1 considered separately.
the following list is by no
,eans exhaustive:
HValuations for compul­ 
sory purchase compensa­ 
tion.
HValuations for rating pur­ 
poses.
31 Development appraisal.
((Valuation of freehold and 
leasehold properties.
iilValuations at rent reviews 
and lease renewals.
{(Valuations for insurance 
purposes.
JIValuations for mortgage 
purposes.
Many of these areas over­ 
lap and require the valuer to 
display a depth and breadth 
of knowledge uncommon in 
other disciplines. While 
accepting that this is pos­ 
sible, in many cases it is un­ 
realistic. It is our contention 
that expert system shells 
programmed with the requi­ 
site knowledge could be used 
to supply this specialist ad­ 
vice to the general practice 
valuer, thus strengthening 
his position as the first choice 
for advice in property mat­ 
ters.
Stages in a valuation 
expert system 
development
Having established that 
these shell systems are at 
least worthy of consideration 
to assist valuers with their 
professional duties, it is 
necessary to decide for which 
tasks expert systems should 
be used. The following gives 
a brief guide:
(1)The application chosen 
should be neither too triv­ 
ial nor too complex. A
"toy" system will often 
invite condescension and 
criticism from others. This 
may be enough to render 
any further development 
still-born. Conversely, an 
overambitious system 
will often lead to frustra­ 
tion and the abandon­ 
ment of the project by the 
participants.
(2) If possible an in-house 
expert in the subject area 
chosen to represent the 
system should be com­ 
mitted to the project. His 
interest in the project 
must be aroused from an 
early stage and maintained. 
This can best be achieved 
by keeping the expert 
closely involved in the 
project but divorced from 
the tedium of analysis of 
information and encoding 
of his knowledge.
(3) There are a growing num­ 
ber of expert system 
shells on the market with 
new products being an­ 
nounced at frequent inter­ 
vals. Each undoubtedly 
has something to offer, 
but impartial advice is 
hard to come by. As with
other software, it is nec­ 
essary to establish just 
what functions will be 
required from the shell in 
terms of numerical ability, 
ease of use and reasoning 
methodologies before 
purchase4 .
(4) Having acquired a shell 
the problem is to elicit the 
knowledge from the 
chosen valuer. In our own 
case this was carried out 
using structured inter­ 
viewing and observation­ 
al techniques. Rules 
induction as mentioned 
above is, however, an 
alternative5 .
(5) Finally the knowledge 
must be structured within 
the shell, usually as a ser­ 
ies of rules and relation­ 
ships, in such a manner as 
to be able to offer the 
same advice as the valuer 
in similar circumstances. 
Obviously this is only a 
brief resume of a process 
which is both time consum­ 
ing and complex. We would 
stress, however, that we do 
not believe that it is beyond 
the capabilities of many of 
the larger surveying firms to
Computer Aided Design 
in Refurbishment
by John Kronenberg BSc
Written for Building Surveyors and other professionals involved in 
' tefurbishment, Computer Aided Design in Refurbishment explains 
: clearly and concisely the principles entailed in applying CAD to 
j refurbishment. It is equally suitable as an introduction to the subject 
I 'or practitioners and as a student textbook. The book is broad in its 
i coverage of the issues involved, and detailed in its analysis of what 
! can be achieved using CAD, from the problems of choosing a 
I sysiem, and the difference between computer aided design and 
| computer aided drafting, to the effects of CAD on working 
I Practices and, most importantly, the principles of the pro- 
I Active use of CAD for refurbishment projects. 
The author makes extensive use of case studies and drawings 
''dm projects in which he has been involved to demonstrate 
to points, and concludes that only the practitioner has the 
nowledge necessary to develop CAD techniques suitable 
w addressing the problems of refurbishment design.
*boui (he author
to I985 John Kronenberg won the Hunter + Partners 
"tocatipnal Trust annual award for postgraduate 
jowch, on which this book is based.
* *orks for a large, London based practice of 
™>Jtered surveyors in which he is responsible for 
™D He is also an active member of the 
'^technology Working Party of the Build- 
"Isurveyors Division of the RICS.
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I expert systems 
near future. The 
„,.„ of this research 
Jtat could be far- reaching 
jyen the current trend for 
jyers to move towards a 
J0re competitive relation- 




An obvious extension of 
M shells idea is an "off-the- 
4elf" package containing a 
completed knowledge base. 
Ibis idea of "take-away" 
Uowledge has already been 
uteri up in some other areas, 
particularly law, where both 
data-protection and statutory 
lick-pay legislation has been 
produced in expert systems
torn.
The advantages for appli­ 
cations such as these are that 
»mplex pieces of legislation 
on be used by lay-staff with 
ittlefear of misinterpretation 
of the advice offered by the 
I/stem. Other applications 
it as far afield as financial 
fanning and corporate re- 
witment.
Taking these applications 
ito consideration, why not a 
Sxation, rating or CPO legis- 
Won adviser, or perhaps an 
idviser to assist negotiators 
it rent reviews? Such sys- 
kms could be altered rel- 
itively quickly to reflect 
dianges in legislation affect- 
iigthe subject areas. Further­ 
more, as most expert 
tystems can be easily copied
•hole, there would be no 
foe-consuming chopping 
w) changing of written pro­ 
bes. The disks would 
«nply be recopied and re­ 
lied to the users. 
Perhaps the most prolific 
«er of such systems in the 
wure will be the Valuation 
""ice, which operates under




••currently making, or have 
JJK, progress in their met- 
,** of handling informa- 
> far this programme 
luterisation has pri- 
ealt with the replica- 
' clerical work with a 
improvement
ciencyofthiskindof 
" "ne valuer himself has
7 ' "Jwcted only peripher- 
k .. ' ComP8rables may 
^re readily available
ATESCAZETTE SEPTEMBER 19 19«7
HFVELOPMENT CYCLE 
FOR FXPERT SYSTEMS
IDENTIFY KEY IDEAS expert system







































from a database, his letters 
typed more quickly by sec­ 
retaries using word- 
processors, but essentially 
his own knowledge has 
been unaffected.
Expert systems offer the 
valuer the chance to improve 
his own productivity in the 
same way as his supporting 
staff. They can provide him 
with advice in subject areas 
other than his own, and can 
be used to back-up his own 
diagnosis of a situation and 
his consequent advice.
Competing professions, 
many of whom completed
their own information tech­ 
nology revolution before us, 
are now actively investigat­ 
ing expert systems in orderto 
improve their knowledge- 
handling techniques. The 
results of this should be a 
growing awareness of the 
potential of, and an increas­ 
ing willingness on the part of 
valuers to develop, expert 
systems applications within 
their own areas of expertise. 
The information technology 
revolution may be nearly 
over, but the knowledge 







'Campbell J (1986) "Computers 
north of the border" Chartered 
Surveyor Weekly "Letters", June 
121986.
2Greenly R S (1987) "Professional 
Education" Estates Gazette "Cor­ 
respondence", February 141987. 
Ireland N M (1987) "Traditional 
Values" Estates Gazette "Cor­ 
respondence", March 14 1987. 
*For a fuller discussion of expert 
system shells see Gronow and 
Scott (1987) Journal of Valuation 
5:2.
6 For a fuller discussion of know­ 
ledge elicitation techniques see 
Gronow and Scott (1986) Journal 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































last year, we looked at expert systems 
for property valuation and in this second 
article, lan Scott and Stuart Gronow 
look at other projects in the area.
The home service
Property Valuation
TWO PROJECTS have been identified 
within this area; the first is the mortgage 
valuation system currently under 
development at the Polytechnic of 
Wales. The aim of this research is to 
assess the suitability of a knowledge 
based approach to some of the problems 
found in property valuation work. The 
choice of the domain of mortgage valua- 
lion provides an area in which the resear­ 
chers can test their solutions to those 
problems, and reflects the links the pro­ 
ject has with the collaborating establish­ 
ment, the Principality Building Society.
This project is now in its third year 
after successfully demonstrating a small 
prototype in the early part of 1987. The 
prototype, built using the Savoir shell, 
was able to value residential property for 
mortgage purposes in a small area of 
North Cardiff to an acceptable degree of 
accuracy, over the small number of test 
cases available.
The third year of the project will 
address more fully the use of uncertain 
and incomplete information within the 
valuation domain. The prototype will 
also be developed to interact with a 
property database, enabling the system 
to reproduce more fully the behaviour of 
the human valuer, and to provide more 
lest data with which to assess its perfor­ 
mance.
At the City University London, the 
only other known research in Property 
Valuation expert systems deals with the 
"assessment and quantification of the 
AH Risks Yield in the Property Valua­ 
tion process". Nigel Mehdi, the 
researcher involved hopes to make 
explicit the judgemental process of yield 
i^sessment in order to identify strength 
"id weakness in it.
For those unfamiliar with the property 
Nation process, the All Risks Yield is 
a measure of the rate of return an inves- 
lor can be expected to achieve on a given 
Pr°perty. It is fundamental to a decision 
10 invest in one property or another, or 
""feed another investment opportunity 
such as stocks and shares.
The assessment of this comparative 
measure is usually carried out by an 
investment valuer, who must take 
account of issues as wide ranging as: the 
tax position of the potential investor, the 
structure of any current lease documents 
relating to the property, the location, 
position and physical fabric of the build­ 
ing itself, the security of any existing ten­ 
ant as a rent payer, and the state, both 
current and future, of the property 
investment market and the investment 
market as a whole.
The process is complex, and the 
criteria used for evaluating the yield can 
often only be subjectively assessed due 
to the lack of good quality data available 
to the valuer.
Quantity Surveying
Under the auspices of the Alvey 
awareness scheme, the Royal Institution 
of Chartered Surveyors has recently 
completed a two year research project 
examining the application of expert sys­ 
tems to quantity surveying, with the aim 
of developing systems for further refine­ 
ment by professional quantity surveying 
offices. The project was run at Salford 
University and headed by Professor 
Peter Brandon. Dr Andrew Basden and 
Joyce Stockley were two of the other 
researchers involved.
Within this project four programs 
were produced which dealt with the fol­ 
lowing areas.
1. Establishing a financial budget for a 
building.
2. Establishing the most suitable path 
for obtaining a building.
3. Estimating how long a building pro­ 
ject will take from inception to com­ 
pletion.
4. Estimating the profitability of a pro­ 
ject through a simple development 
appraisal.
When compared to other areas of sur­ 
veying, Quantity Surveying is both a 
relatively computer literate, and compu­ 
ter-suitable application area. By using 
the new systems which will be refined 
from the basic research carried out at
Salford the Quantity Surveyor will be in 
a strong position to reinforce his claim to 
the leading position of project manager 
in many development schemes. Funding 
has now been gained in order to develop 
a commercial system from this research.
Initially this project was to produce a 
program to assess the cost effects of mar­ 
ginal changes in the design variables of a 
particular solution to a building prob­ 
lem, and hence to allow the pursuit of a 
sensible economic strategy.
Early in the project it was concluded 
that this aim could not be achieved with­ 
out considering the design and develop­ 
ment process as a whole, involving all 
cost, form, shape and feasibility implica­ 
tions together.
The research brief was then revised to 
test more specifically whether: "The 
decision — making capabilities of the 
individual parties to a design ie architect, 
quantity surveyor, engineer, client, and 
developer could -be substantially 
improved by recognising and making 
explicit at a local level, the inter­ 
relationships between design disciplines.
The resulting system is know as 
G.U.I.D.E. (Graphical User Interroga­ 
tion of Development Economics) and 
assists the user in developing design 
proposals from a variety of different vie­ 
wpoints relating to the individual parties 
to the design listed above.
Guide fills in the gaps in the indi­ 
vidual's knowledge about the other dis­ 
ciplines involved. By generating a 
theoretical solution using Guide, the 
user is able to see the effect his decisions 
have on the solutions the other con­ 
tributors must produce. This is achieved 
by generating ranges of possible value 
for all other variables in the model based 
upon the variables the user is able to pro­ 
vide.
The model is expressed as a know­ 
ledge-base of design/cost/development 
rules which have the general form: 
IF (variables A.B.C. are known) 
AND (take values 1.2.3.)
continued overleaf
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[S (the remaining dependent van- 
it can he generated hy the following 
lionship.)
|ce the remaining variables have 
t calculated an evaluation can be 
tand advice offered accordingly. 
nils the end of this project a "front- 
r»asbuilt using the Microsynicspac- 
l which enables the system to ques- 
ithe user at a particular level of 
ittise from "expert" developer to 
lice".
le program was then evaluated by 
ib. developers, quantity surveyors 
architects who felt the system might 
inproved hy reducing the "general- 
inherent in the system. 
I Newton then embarked upon a 
cct in conjunction with a national 
il chain to tailor the program to a 
it specific user — much as is now hap- 
mjwith the Alvey quantity survey- 
project—and plans are now in hand 
telhe project into the commercial 
ikl with the collaborating bodies 
"ng a consultancy group, and
•toping the system further.
m Planning
li Oxford Polytechnic Michael Lcary 
Mugustin Rodriguez-Bachiller are 
^gating the potential for expert sys-
* in development control. The pro- 
'^cgan approximately a year ago 
J^lengthy period of planning, and
the researchers have made good prog­ 
ress in evaluating a number of expert sys­ 
tem shells and producing a small 
demonstration system.
The demonstration system deals with 
what is know as "permitted develop­ 
ment" under the 1971 Town and Country 
Planning Act and has been implemented 
within a number of shells as part of the 
shell evaluation process. Whilst this is at 
the lowest level of planning expertise it 
was highly suitable for mechanisation as 
a demonstrator, dealing as it does with a 
well structured set of legal rules and 
requirements.
The project benefits form the com­ 
plete-co-operation of the Local Author­ 
ity Planning Department. This depart­ 
ment is already highly computerised, 
indeed the only area that computers are 
not currently used for is the dispensation 
of advice.
On completion the researchers aim to 
transport this system to other geographi­ 
cal areas, with different urban charac­ 
teristics, and to test its utility under diffe­ 
rent circumstances. It's thought that this 
procedure would help the development 
of a more generally applicable expert 
system.
Validation, as with many other expert 
systems projects has been identified as a 
major problem, particularly when it is 
noted that at higher levels of planning 
expertise very indistinct concepts, such 
as aesthetic appeal have to be consi­ 
dered. The researchers feel that the elici- 
tation and codification of even some ol 
the compiled knowledge used by plan­ 
ners will be of value to future workers in 
the field, and expect this to be of greater 
importance than any working system.
Meanwhile Graham Clarke of Essex 
University, and Richard Guise ol F.ssex 
Institute of \ ligher Education are 
involved in a part-time project nivcs- 
tigating expert systems for design g 111 ' 
dance. Clarke and Guise recognised the 
fact that a shortage ot qualified planners 
meant that much routine ad\icc-gi\in.^ 
may be delegated to non-expert plan­ 
ners. Thc-v further sunncst thai there is
"a need for consistent design appraisal 
and guidance which seeks to develop a 
framework for solutions which are relev­ 
ant to planning policies, the urban con­ 
text of the building and the requirements 
of that building, yet do not unduly limit 
the designer's freedom to interpret these 
factors."
Two prototypes have been built in co­ 
operation with Colin Brown and Peter 
Hardy of Norfolk County Council usin» 
the ES/P Advisor Shell. They relate to 
the communication ol design guidance to 
the public, and the assistance of mem­ 
bers of the public in lilting in planning 
applications.
The desiun guide lias shown the s\s 
tcm to be ol gieatei bcnelit in gelling to. 
and usini: pcitmcni mloimation ctti- 
oicnlK andquickh . \\ithout the daunting 
prospect ol liaMiig lo disieg.ud possib|\ 
usetul mloiination on the giounds ol 
lack ot tune
Last year, we looked at expert systems 
for property valuation and in this second 
article, lan Scott andStuart Gronow 
look at other projects in the area.
Following on from this work Guise 
and Clarkc have developed a system to 
"Her design guidance on appropriate sol­ 
utions for an infill site. This system is 
Portly to he tested hy architects, plan- 
wrs. and student planners to ensure its 
"pertise is both comprehensible and 
wniprehensive enough to meet the stan- 
Jiinls required of an operational system.
I IK- Huilding Services Research and 
'"lurmalion Association has been 
involved in a number of expert systems 
Ncets since March 19K5.
Having evaluated some of the
J'tflWiire available B. S.R.I. A. wrote a
'^P based shell with which to develop
w following systems:
Air-to-Air heal recovery system.
(iivcs assistance in selecting an
appropriate heat exchange device
tt'hcn given information about the
building and its ventilation system. 
This small, forward chaining system. 
based on a frame-type representa­ 
tion, is currently being expanded.
2. Computer finance system. This sys­ 
tem provides assistance in the choice 
of finance method for the purchase of 
computer systems.
3. Air movement system. This system is 
part of an E.E.C. collaborative prog­ 
ramme of research and provides 
advice on air movement in buildings. 
B.S.R.I.A. have also produced a 
friendly front end to a building man­ 
agement system and are investigating 
the potential for automating building 
standards and codes of practice. 
Finally the Building Research Estab­ 
lishment is also active in expert systems 
research bavins developed two systems 
known as BREDAMP and BREXBAS. 
BREDAMP advises the user about the 
causes of damp in buildings. The system 
is written in Savoir and has been 
developed from a 1983 model written in 
Micro expert which dealt with rain 
penetration and damp in chimneys.
The choice of dampness as a domain 
was prompted by the BRE identifying 
the subject as an area with many routine 
inquiries and relatively few experts. The 
construction of a dampness advisor 
would enable routine advice to be dis­ 
pensed by less qualified staff, freeing the 
experts to concentrate on more complex 
tasks, and would assist in staff training. 
Using a team of three: expert, know­ 
ledge engineer, and programmer, a sys­ 
tem was implemented in 19S5 which 
deals with fourteen types of damp in 
buildings; from condensation, to burst 
pipes and flooding. The system has 
already proved a useful tool with com­ 
mercial possibilities. Its archiving (unc­ 
tion is considered important and the 
builders believe that it may prove to be 
the forerunner of a family of systems 
offering advice to building professionals. 
BREXBAS is a morc^ recent system 
which assists in the interpretation ot 
information received from Building 
Management Systems (BMS).
These BMS systems give data on heat­ 
ing ventilation and other plan within a 
given building, but a high degree of 
expertise is required to interpret the 
highly technical output and act upon the 
conclusions drawn. Large concerns 
which can recoup economics of scale 
employ skilled energy managers to carry 
out this monitoring function. but smaller 
companies may not be able to pay the 
engineer from the savings made in run­ 
ning the building.
A system able to do the energy man­ 
ager's job would therefore be of benefit 
to many smaller companies, with obvi­ 
ous commercial potential. The BREX­ 
BAS system is at present a small frame 
and production based system which 
reacts to changes in a simulation of a 
heating system.
The outliines above are brief resumes 
of the projects currently under develop­ 
ment in the property world. No assess­ 
ment of their success has been made, but 
what can be said is that the knowledge- 
based techniques being investigated by 
many other professions are being 
applied to property.
These projects are in many ways the 
small "demonstrators" necessary to pro­ 
duce the initial impetus to developing 
useful systems. Their importance at the 
level of the fundamental research 
required to apply expert systems to 
whole new areas ot specialisation cannot 
be overemphasised. The future develop­ 
ments in the fields and the "spin-off" 
applications they should create in 
associated areas may be a major source 
of practical expert system developments.
'l'lu'iinllu>r\ arc currently fin[>lo\'i'd in the 
ilept. of IMIIIC Miin<>£t'inrni ami Qn»n- 
lit\' Snrvc\'iiiii. l'(il\'lecli>iic of Wales.
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EXPERT SYSTEMS
Don't be static - think systematic
Research into practical 
applications of expert 
systems, forerunners of the 
so-called thinking machines, 
ranges from use in medicine 
to geological prospecting. The 
property world, however, has 
been slow to recognise the 
potential benefits, /on Scott 
and Stuart Gronow report.
House mortgage valuation
The aim of this research was to 
investigate the use of expert 
systems in valuing vacant 
possession residential properties 
for mortgage purposes, a project 
undertaken with the help of 
leading Welsh building society, 
The Principality, and now in its 
third year. A prototype, 
demonstrated early in 1987, 
valued residential properties for 
mortgage purposes to within 5 
per cent of the valuer's figures in 
a limited area (north Cardiff). A 
relatively small number of test 
cases was involved.
Research is now focused on 
uncertain or incomplete 
information and its effect on the 
valuation. The prototype system 
is being refined and linked to a 
database.
Investment valuations
The City University, London, the 
only other known base for 
research into property valuation 
expert systems, is concentreti ng 
on 'the assessment and 
quantification of the all-risks 
yield in the property valuation 
process'. This project aims to 
build a a system based on the 
valuer's process in selecting an 
appropriate yield to value an 
investment property.
Valuers must take account of 
many issues including the 
investor's tax position, the 
structure of any current lease 
documents relating to the 
property and the location, 
position and physical fabric of 
the building.
Quantity surveying
The RICS recently completed a 
two-year research project at 
Salford University on the 
application of expert systems to 
quantity surveying. Four 
Programmes were produced to do 
the following: establish a 
financial budget for a building; 
find the best way of obtaining it; 
Wtimate the duration of a 
building project; and estimate 
"ie profitability of a project using 
pimple development appraisal. 
u«ng the new systems based 
°n the Salford research, a 
quantity surveyor will be able to 
34
reinforce his claim to the position 




workers tried to assess the effects 
marginal changes in design 
variables would have on a given 
project. A successful programme 
would help to achieve a sensible 
economic strategy. It was soon 
clear that this could not be 
achieved without considering the 
design and development process 
as a whole, involving all cost, 
form, shape and feasibility 
implications.
The research brief was then 
revised to test whether 'the 
decision-making capabilities of 
the individual parties to a design 
could be substantially improved 
by recognising and making 
explicit, at a local level, the 
inter-relationships between 
design disciplines.'
The result is GUIDE 
(Graphical User Interrogation of 
Development Economics) which 
helps to develop design proposals 
from different viewpoints.
Town planning
Researchers at Oxford 
Polytechnic, have produced a 
demonstration system which 
deals with 'permitted 
development' under the Town 
and Country Planning Art 1971, 
and has been implemented 
within a number of expert 
system shells as part of the shell 
evaluation process. While this is 
at the lowest level of planning 
expertise, it is highly suitable for 
mechanisation as a 
demonstrator, dealing as it does 
with a well structured set of legal 
rules and requirements.
The team now intends to take 
this prototype a stage further 
and move to a higher level of 
expertise involving matters of 
subjective opinion.
Eventually the researchers 
aim to transport this system to 
other geographical areas, with 
different urban characteristics, 
and test under these different 
circumstances. This should lead 
to the development of a more 
generally applicable expert 
system.
Design guidance
This part-time project between 
researchers at Essex University 
and Essex Institute of Higher 
Education recognises that a 
shortage of qualified planners 
means that much routine 
advice-giving may be delegated 
to non-expert planners.
Two prototypes have been 
built in co-operation with 
Norfolk County Council, using 
the ES/P adviser shell. They 
relate to the communication of 
design guidance to the public, 
and assistance with planning 
applications. A system offering 
design guidance on solutions for 
an infill site will soon be tested 
by architects, planners, and 
students.
Building
The Building Services Research 
and Information Association has 
evaluated some of the software 
available and written a 
Lisp-based shell on which it 
could develop:
• An air-to-air heat recovery 
system helps in selecting an 
appropriate heat exchange 
device when information about 
the building and its ventilation 
system is entered. This small, 
forward-chaining system, based 
on a frame-type representation, 
is being expanded.
• A computer-finance system. 
This helps with the choice of 
finance method for the purchase 
of computer systems.
• An air-movement system. 
This is part of an EEC 
collaborative programme of 
research which provides advice 
on air movement in buildings.
A system able to do the 
energy-manager's





many projects being 
developed for the
I property world
BSRIA has also produced a 
'friendly' front-end to a 
building-management system 
and is investigating the potential 
for automating building 
standards and codes of practice.
It has also developed 
BREDAMP which advises on 
causes of damp in buildings. This 
system is written in SA VOIR and 
has been developed from a 1983 
model written in Micro expert, 
which dealt with rain 
penetration and damp i n 
chimneys.
Using a team of three - expert, 
knowledge engineer and 
programmer - a system was 
implemented in 1985 which 
deals with 14 types of damp m
condensation to burst pipes and 
flooding. This has already proved 
a useful tool with commercial 
possibilities. Its'archiving' 
function is considered important 
and the builder believes that it 
may be the forerunner of a family 
of systems offering advice to 
building professionals.
A more recent system is 
BREXBAS, which helps in the 
interpretation of information 
received from buildng 
management systems. 
BREXBAS also gives data on 
heating, ventilation and other 
plant within a given building, 
but a high degree of expertise is 
required to interpret the highly 
technical output and act on the 
conclusions drawn.
Large companies, which can 
recoup economies of scale, 
employ skilled energy managers 
to carry out this monitoring 
function, but smaller companies 
may not be able to pay the 
engineer from the savings made 
in running the building.
A system able to do the 
energy-manager's job would 
benefit many smaller companies, 
with obvious commercial 
potential. The BREXBAS system 
is, at present, a small-frame, and 
production-rule-based system 
which reacts to changes in a 
simulated heating system. 
Development work is going on 
rapidly and a larger, more 
refined knowledge base, is 
expected to assist users in the 
near future.
The above are just some 
projects being developed in the 
property world. No assessment of 
their success has been made, but 
it is clear that at last the 
knowledge-based techniques 
being investigated by many 
other professions are being 
applied to the property world.
These projects are, in many 
ways, small 'demonstrators'. 
Their importance in 
fundamental research cannot be 
over emphasised. The future 
developments in the fields noted 
above and the spin-off 
applications they should create 
in associated areas may be a 
major source of practical 
expert-system developments in 
the short- to mid-term.
lan Scott BSc is a full-time re search 
assistant investigating the 
application of expert systems to the 
valuation of vacant ponsession houses 
for mortgage purposes.
SluartGronowMAiisr AHH-NASVAisa 
senior lecturer in property valuation 
and director of studies to the research 
projectbuildings, ranging from
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MORTGAGE VALUATION
Expert system to the rescue
An expert system reproduces 
expertise in an area of 
specialisation by 
representing the working 
methods of the specialists it is 
modelled upon. The aim of the 
mortgage valuation system is 
to analyse the valuation 
process carried out by the 
valuer, aud reproduce it in a 
computer program. lan Scott 
and Stuart Gronow report.
Jhe mortgage valuation 
expert system has been based on 
work carried out initially with a 
single mortgage valuer. The • 
model of valuation procedure 
was then exposed to other 
valuers for their comments, 
criticisms and evaluations.
Selecting comparables
The prototype grew out of a 
system which was used for 
demonstration purposes during 
1986. To develop the system 
further it was concluded that a 
better emulation of the valuer's 
procedures in carrying out his 
valuations would be required.
It was noted from earlier work 
that two concepts were 
particularly important: 
0 The valuer could establish 
small localised areas from which 
he drew comparable properties to 
perform his valuation. These 
could effectively be described as 
areas containing the 'best' 
comparables for a subject 
property;
0 The valuer typically has to 
make a valuation which is 
supported by quite small 
amounts of less than perfect 
comparable evidence. An ability 
to produce a valuation by 
computer without massed data 
would be a major advance upon 
the regression-analysis-based 
systems which have been used so 
far.
Taking these two points into 
consideration it is clear that the 
selection of good comparable 
information on which to base his 
valuation is crucial to the 
satisfactory performance of the 
valuer.
The best- first search
It was established that the
•election of comparables should 
be based upon what could be 
termed a 'best-first', or 
lieuristically restricted' search
•tategy. The following criteria
•ere then established and
•greed with the valuer in
December 1987:
0 The urban area should be
divided into valuation areas
attaining, as far as possible,
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housing of similar 
types/ages/qualities. The 
valuation area can be considered 
as a location from which the 
valuer is content to draw 
comparable properties and from 
which the comparables are likely 
to show a high degree of 
comparability-the 'best' 
comparables, in other words. 
O Consequently a database of 
properties containing files 
corresponding to those locations 
was set up. This resulted in more 
database files, but each 
contained fewer comparables 
corresponding to their 
locations.
This enhances the expert 
system's operation, simulating 
the valuer's practice. Some 22 
discrete areas are being used in 
an urban area of approximately 
60 000 people. 
O Once it has obtained the 
address and other basic data, 
such as house type and age, for a 
given property, the system 
selects the appropriate file of 
comparables and searches the 
file using the criteria agreed 
with the valuer as follows:
a) Priority of search field is given 
to street name. This will often 
tightly constrain the search as 
streets are usually, although not 
exclusively, built as units, and 
tend therefore to contain similar 
housing. The comparability of 
houses in the same street is 
therefore usually high;
b) Should a 'same street' 
comparable be found, the 
remaining data on that 
comparable is read to establish 
whether it also meets the 
valuer's criterion regarding 
similar age and type. Assuming 
this is so, the data record is held 
and the search continues for 
further comparables until the 
database fi le has been 
exhaustively searched on the 
street name field. Anyother 
records conforming to the same 
street, age and type are also held 
as comparables;
c) Should the search fail to locate
a property in the same street, ie 
the search field is redefined as 
the house type and the database 
is searched again for 
comparables of the type same as 
the subject property. As before, if 
a similar type house is found, the 
record is read to establish that 
the comparable is also of the 
same age as the subject property. 
The search continues until all 
properties in the database have 
been considered and either 
selected or rejected;
d) Should the subject property 
already be in the database the 
system will display its details 
and valuation, as this is likely to 
be the best evidence;
e) Assuming comparables have 
been found, the system returns 
with the database information 
regarding those comparables and 
proceeds to compare the subject 
property with the comparables in 
a more detailed fashion in terms 
of other physical features, such 
as garages, services and the state 
of repair and general condition of 
the property. Once this 
comparison process is complete 
the system will offer a 
recommendation as to value 
which is expressed as a small 
range.
The package as a whole can, 
therefore, be considered as a 
piece of integrated software 
utilising both expert systems 
technology and a conventional 
data processing package. The 
expert system acts as a 
'middleman' or 'clearing house' 
for data input by the user and 
collected from the database.
The database can be kept up to 
date in the normal manner. It 
offers great potential for sharing 
comparable information within 
and between offices on a 
cost-effective basis, the expert 
system selecting comparables as 
and when required from the 
databases it has access to.
Exposure to more valuers
The opinions of other valuers 
were sought. Each one felt the 
system had something to offer 
him, although each had his own 
opinion as to other features he 
would like to see in the system: 
O Time of valuation.The 
database used by the model 
relates to one year's data from 
the subject area. Two of the 
valuers suggested that 
inflationary trends should be 
built into the system. It was 
concluded, however, that a better 
solution was to use the date of 
valuation as a criterion for 
selecting the comparables
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O Comparables. The valuers 
suggested that the number of 
comparables used in the system 
should be revealed to the user, to 
give him a chance to discard any 
obviously unsuitable properties 
before the valuation itself took 
place.
O Leasehold properties. A 
facility to calculate 
automatically the amount 
required to purchase the freehold 
under the Leasehold Reform Act 
1967 was thought to be useful, 
particularly in a system used for 
general valuations rather than 
mortgage valuations. 
O Repair of property. In general 
the valuers were satisfied with 
the treatment of property repair, 
although a possible further 
category of repair was suggested 
to deal with the standard of 
maintenance of the property. 
O Environmental factors. It was 
felt that environmental factors 
should be included in the model. 
O Visual help. Each of the 
valuers agreed that some 
graphic/pictorial help would be of 
assistance, but this is beyond the 
scope of the project.
Evaluation of the prototype
Testing is still in progress but an 
average error of around 7 per 
cent is being achieved. It is 
considered that the facility to 
discard comparables could 
improve this figure.
Conclusion
The system demonstrates the 
potential for an expert systems 
approach to the problem of 
residential computer-assisted 
valuation. It is not a commercial 
product, but the techniques 
developed could quickly be 
applied to other areas of 
valuation which use a more 
structured approach, such as 
commercial rating and other 
statutory valuations. Work is 
already being carried out by a 
major South Wales property 
organisation to develop expert 
systems for two such areas of 
valuation as a direct result of this 
project.
Clearly further work is 
required to develop a practical 
day-to-day system for use by 
valuers. It is contended that this 
work should now more properly 
be the province of practising 
property organisations, rather 
than academics, and the 
researchers involved would be 
keen to hear from any such 
progressive organisations.
lan P Scott is a full-time research 
assistant investigating the 
application of expert systems to the 
valuation of residential property. 
Stuart A (inmow isu senior lecturer 
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[Expert Systems
ftPPRTY VALUATION A SUIT-
MMAIN FOR EXPERT SYS-
?|AN SCOTT, MICHAEL 
TSAND STUART GRONOW OF
JJLYTECHNIC OF WALES 
^JTTHIS QUESTJON!
The possible motivations for developing an 
expert system are very numerous, and the 
appearance of inexpensive microcomputer 
shells has increased the number of attempts to 
enter this field. Unfortunately the sales 'hype' 
surrounding the available software often 
suggests to many novices that it is no harder to 
write an expert system on a microcomputer 
using a 'shell' like Crystal or XI PLUS than it is 
to write a property valuation program using a 
spreadsheet or database. This may possibly be 
true in some cases, but the following issues 
must be considered by any developer of a new 
system:-
1. The need to evaluate the performance of 
systems.
There has been very little objective evaluation 
of expert system performance, and few 
techniques are available for this task. 
Evaluation can be static or active, ie. assessed 
in terms of simple accuracy (eg. the system is 
'right' in 90 per cent of cases it has advised 
upon so far), or with reference to experts in the 
domain of expertise the system seeks to 
emulate (eg the system's operation adequately 
reproduces the actions of the expert(s) and is 
therefore a 'good' representation of expertise 
in the domain).
2. Tacit knowledge.
Very often human experts are required to 
exhibit knowledge which, although not 
intrinsically domain knowledge, is essential 
for the application of that domain knowledge. 
For example; when valuing an interest in a 
property under the 1967 Leasehold Reform Act 
it is necessary to ensure that the property is "a 
house" for the purposes of the act. The valuer 
must therefore know the definition of a house 
before he is able to complete his valuation. 
This peripheral knowledge is known as 'tacit' 
and is a problem for expert system builders. In 
the field of legal expert systems it is sometimes 
resolved by assuming tacit knowledge on the 
part of the user. This avoids the problem of the 
domain knowledge expanding exponentially 
with the imagination of the builder.
3. Compiled knowledge: the 'paradox of 
expertise'.
It seems often to be the case that the more 
"expertise" a person has, the less able they are 
to express in words how they make decisions. 
This is particularly the case in domains where 
knowledge appears 'soft' (ie: changing and 
unreliable) and intuitive, and where 
practitioners say they act on hunches or 'gut 
feeling'. In such cases the elicitation task 
appears to be hindered by the way the human 
mind seems to operate. Furthermore, experts 
often possess different types of information. 
For example:
• Personal experience of past problem 
solving: their own past cases;
• Personal expertise or methods for solving 
problems: the experts' preferred methods 
of working;
• Personal knowledge about reasons for 
choosing the methods used: knowledge 
about special cases or groups of cases.
It may be very difficult for some experts, 
including property professionals, to imagine 
these different types of knowledge. They will 
often be hard-pressed to describe their 
expertise in a systematic manner, let alone in 
rationally structured form.
It has been suggested that humans 
incorporate new information within an existing 
framework of previous experience using an 
intuitive logic. This seems plausible, but it is 
hard to substantiate the further suggestion 
that a formal process of knowledge acquisition 
implies that the frameworks of knowledge can 
always be re-analysed by reversing the logic. 
Firlej has found evidence that much expertise 
is internalised so that the way that experts 
have formulated their knowledge is hidden 
and they no longer know how it was 
accumulated or in which order the cues that 
are necessary to retrieve information are 
triggered. The knowledge and the retrieval 
mechanisms connected with it have become 
automatic.
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4. Fuzzy knowledge, fuzzy logic and fuzzy 
sets.
In the literature the term 'fuzzy' means 
uncertain, as for example when an expert says 
something like, "I am pretty certain that cracks 
like this are seldom caused by subsidence". An 
example of a fuzzy set is the set of large houses; 
whether a particular house is large may be 
very difficult to decide because there is no 
clear dividing line between large and small. 
Several techniques are available for handling 
uncertainty, including probability theory, 
statistical methods, Bayes theorem, fuzzy set 
theory etc. However, it is considered that the 
type(s) of uncertainty present in the domain 
should be identified before any decision to use 
these representations is made. Furthermore, it 
can be argued that the results obtained by 
such means are sometimes doubtful even 
though they may be expressed with impressive 
conviction by the system.
5. Fizzy knowledge.
There are some areas of expertise where the 
knowledge changes fast and frequently as new 
ideas, (acts or values bubble up and are 
absorbed into the domain (eg tax legislation 
alters each budget day). Such knowledge may 
be termed 'fizzy', although the problems it 
causes for expert systems technicians are 
described more prosaically as 'truth 
maintenance of the knowledge base'. The 
contents of a knowledge base are invairiably 
distinct from the rest of the software so that, in 
principle, it can be altered easily, however its 
practical importance should not be overstated.
S.Problems with pattern recognition in 
property valuation.
In the UK, residential valuers have been 
reported as being "very reluctant to explain 
how they analyse and how they value by direct 
sales comparison". Much is apparently made 
ol 'knowing the market' and the reports of 
compulsory purchase and taxation cases show 
that the 'matching pairs' approach is the 
favoured method, "even though the 
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comparables are rarely sufficiently similar for 
them ever to be regarded as matching pairs". 
What seems to happen is that valuers, like 
chess grand masters, build up in memory 
through experience a large store of complex 
combinations of items of information with 
links, cross-references and associations. We 
may call these combinations patterns. Some 
authors take the view that a large part of what 
we call expertise is the ability to instantly 
recognise familiar patterns, even when they 
are subtly altered, whilst disregarding with the 
same acumen impossible hypotheses. If this 
view of expertise is true, and the patterns 
themselves are compiled so that they are 
inaccessible to the conscious mind, then the 
knowledge elicitator is faced with enormous 
difficulties.
7. The difficulty of appraising a new 
knowledge domain.
It is gradually being realised that an early step 
in creating an expert system should be to 
decide whether the proposed domain is 
suitable, and the issues discussed here tend to 
support this view. However the most usual 
approach has been to "have a go" and see what 
happens. Whilst this was justifiable in the early 
days of the technology, it is no longer 
necessary to take such a risk because more is 
known about the problems which expert 
systems cannot solve at their present level of 
development.
The Situation Simulation: A Proposed 
Methodology.
'I here is evidence in recent papers that 
professional knowledge engineers are moving 
toward a methodology that could combine 
domain appraisal with knowledge elicitation. 
Firlej suggests that interview conditions 
should be as near as possible to the original 
task. Trimble comments that experts are often 
better at doing things than explaining what 
they are doing and why, especially because the 
expert often cannot recall from his 
subconscious the rules and relationships that 
have become intuitive. Hamilton stresses the
importance of the 'case study' approach, 
which he finds to be a good method of eliciting 
knowledge from an expert who at first appears 
reticent or blase.
A method which takes account of these 
views has recently been developed, called the 
situation simulation. This places the domain 
expert in a realistic environment so that it 
becomes possible to both appraise the domain 
and devise a programme of knowledge 
elicitation.
The concept from which the situation 
simulation method has been developed was 
described in a paper reporting work done in 
the United States in 1986 by Coopers & 
Lybrand in connection with corporate tax 
accrual and planning. In their experiment a 
staff accountant with no experience of this 
knowledge domain was nominated as the 
'user' and provided with all the information 
needed to undertake a typical case. He was 
seated on one side of a long conference table 
which was divided by a screen. Two experts 
sat on the other side of the table behind the 
screen. The user was told that he had all the 
necessary information to undertake the case, 
and the resource of the expertise behind the 
screen. The experts were briefed to actively 
guide the undertaking to a successful 
conclusion, without going to the other side of 
the table; only verbal communication was 
allowed. The process was videotaped and 
observed by the knowledge engineering team. 
The experiment was regarded as a success and 
was repeated several times; a working expert 
system eventually resulted.
During March 1987, an experiment based on 
this concept was devised and conducted in the 
school of surveying at Kingston Polytechnic to 
examine the sub-domain ol retail shop 
property valuation.
Purpose of the experiment.
The principal purpose was not to develop an 
expert system, but to see whether the 
methodology of the situation was an effective 
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laperts' role in the detailed knowledge
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the simulation, a private room was 
typed with a table at which were placed 
fc lor the expert and the 'knowledge 
fceer', separated by a screen. A word 
Kssor was placed on the table with the 
Jvisible to both people, the keyboard in 
(of the knowledge engineer and the 
lerin front of the expert. A video camera 
niter was trained on the expert. 
ill details of a recent freehold prime shop 
Iprty sale had been obtained from the
•tswho acted for the purchaser, and a set 
rtdcomparables was assembled. The
•! valuers who participated in the
•Mon were briefed by the knowledge
•«r as follows.
nrrangements for the simulation.
•*full details of a property and suitable 
fables. I will act the part of someone 
»s thinking about buying this property. 
'« asked to advise me about the price I 
N pay if I buy the property now by
•* treaty in the open market. 
Wo this, you will first interrogate me to 
«tl information. You will then use your 
J*Wge to reach conclusions on which you
•toe your advise.
to will not be able to see any of the
"J^ that I have, so you will have to
*««« piece at a time by asking me "•nous.
J»you ask me a question I will type it on 
5Creen > fo"owed by my answer. I will
save these questions and answers on to a 
floppy disk as we go along to give me a 
permanent record.
At regular intervals, and at any time that you 
request it, I will produce a print-out of 
questions and answers so that you can see the 
pattern that is emerging.
You have an exercise book in which I would 
like you to set your thinking down as you go 
along so that I can analyse it later. Words, 
diagrams, doodles etc are all OK. The only 
thing that is unhelpful to me is any thinking 
you do about the valuation which remains 
hidden away inside your mind.
Please do not do your thinking out loud. It is 
important that only communication between 
us consists of the formal questions and 
answers that get typed up on the screen. 
I will ask you for explanations whenever 1 
require them or think that they will elucidate 
your reasoning, just as a user would expect to 
be able to do when using a finished expert 
system.
Whenever you reach an intermediate 
conclusion (ie when you have made your mind 
up about someting) please say so, slowly so 
that I can type it on to the screen. Examples of 
intermediate conclusions might be 'fuzzy' 
things like the 'quality' of the property, or 
'clearer' things like particular figures 
associated with a valuation. The point is that 
you start off by knowing nothing about the 
property and I need to be able to see the 
process by which you gradually acquire and 
use information.
Some important features of the simulation 
are mentioned in this briefing.
/. The expert was unable to see any of the 
information.
It is essential to know whether the exchange 
of information between user and expert system 
can be communicated on a machine/man 
interface. For example, if a real estate valuer 
has to see the subject of a valuation in order to 
value it, then a computer cannot perform the 
task because machine vision has not yet been 
adequately developed.
2. The expert acquired information 
maementally and reported intermediate 
conclusions.
Two assumptions influenced this aspect of 
the simulation. The first is that present-day 
expert systems are, essentially, rule-based, 
and that a fundamental component of domain 
appraisal should therefore be the testing of the 
domain to establish whether it too is rule- 
based. The second assumption is that it is 
necessary to test whether the expert is working 
to an algorithmic or a pattern-matching 
strategy. These tests can only be made by 
observing the expert at work.
3. As many aspects of the simulation as possible 
were recorded for post-experimental analysis.
Post experimental analysis consists in 
examining the records of experiments to see 
whether a pattern of information acquisition, 
rule application and logical inference is being 
established. From this can be made deductions 
about the suitability of the domain. By 
recording all transactions between expert and 
user on a word processor, video-taping the 
simulation and preserving the expert's notes, a 
full record of each simulation can be obtained.
Some further features of the simulation were 
important:
4. When the experts asked where the property 
was they were told it was in Borchester.
It was assumed that it would be too easy for 
an expert to jump to conclusions about the 
value if it turned out that he/she actually knew 
the real location of the property. This 
assumption was correct. The example 
property was from a town where values are 
unusually high for the small population, 
because it serves a wide and prosperous 
hinterland. The experts were therefore 
surprised at some of the information they 
received and were forced to examine their 
valuation process carefully, step-by-step. 
They would probably not have done this il they 
had known from the start where the property
was.
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5. Care was taken to give the same answers to 
identical questions asked by different experts 
at successive simulations, and whenever a 
question asked by an expert was unclear a 
standard form of query was returned in 
response.
This made it possible to compare different 
expert's handling of the same information, and 
also to see how large a 'menu' of interrogatory 
responses a working system would have.
6. The situation simulation is a repeatable 
experimental method.
This is important because it enables the 
knowledge engineer to assess whether 
different experts adopt radically different 
methods of problem-solving or have different 
compiled knowledge on which to draw.
1. The knowledge engineer does not get in the 
way.
Using this method, the dynamics of 
information transfer from user to expert and 
from expert to user can be observed, recorded 
and identified in a 'pure' form (ie without 
corruption by the interpolation of a knowledge 
engineer's pre-conceived ideas of the process).
i Rule induction may be possible.
By using a real example (in the Kingston 
experiments, a real property) the method 
offers potential for rule induction and the 
induced rules could then be used to provide a 
control set for testing automated rule 
induction techniques.
9. The expert's comments on the simulation are 
useful.
The simulation can be run through to an 
end-state which both user and expert regard 
as being a satisfactory resolution of the test 
problem. This is in contrast with many other 
eliciation techniques which are 'open-ended' 
with no clear indication of when the ground 
has been satisfactorily covered. After analysis 
the expert can survey the resulting conceptual 
model and comment on it; this may save many 
hours of discussion and argument. 
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10. The method can be quickly adapted to a 
new knowledge domain.
It should be noted that an important feature 
of the Coopers & Lybrand simulation 
experiment did not apply in the simulations at 
Kingston. Their experimental process was 
highly structured because a structure already 
existed. Questionnaires, forms and checklists 
were available to both the staff accountant and 
the panel of experts during the simulation and 
it may be presumed that these forms etc had 
been improved by editing over a period of use 
so that may of the 'bugs' had been removed. 
The results of the experiments at Kingston 
showed that the situation simulation method 
will work just as well if a structure has to be 
devised from scratch.
Analysis of the results.
1. Analysis to establish the suitability of the 
method for appraising a knowledge sub- 
domain.
The overall conclusion was that this is a 
suitable method for appraising a knowledge 
sub-domain, because the records successfully 
revealed where the experts used the following 
types of knowledge:-
• Tacit knowledge (eg that streets normally 
have two sides; that the compass has four 
cardinal points; that shops in towns of 
60,000 people do not normally have values 
measured in millions of pounds etc).
• Compiled knowledge (eg both experts 
used a form of sensitivity analysis to set 
parameters within which their valuation 
had to fall).
• Fuzzy aspects (eg the 'shading' of yields 
and the 'weighting' of comparables for 
location and age).
• Fizzy knowledge (especially the current 
relative attractiveness of different multiple 
retailers).
• A clear picture of how the experts collected 
information was obtained.
• The experts did understand the need to 
state preliminary conclusions as the 
simulation progressed.
The following provisos should be noted:
• Pre-experimental work was extensive and 
was based on some knowledge of the 
expertise in the sub-domain. It is doubtful 
whether someone who came to the subject 
'cold' would be able to prepare suitable 
material for a situation simulation.
• The arrangements for the simulation were 
satisfactory, but normal social conventions 
made it impossible to refrain from 
occasional verbal communication. It 
would be a better arrangement to have the 
parties in separate rooms, despite the 
increased complexity of equipment that 
would be needed.
• The simulation did not reveal any instances 
of elusive or phantom rules. Proving a 
negative is of course difficult, and it might 
be helpful to perform control experiments 
in domains which are known to be non- 
rule-based (ie where there are phantom 
rules).
2. Analysis to see whether a situation can guide 
a knowledge engineer towards a suitable 
programme of knowledge elicitation. 
Although the participating experts 
assembled their information in a different 
order and were particularly concerned about 
different aspects of the valuation, the process 
could be analysed into sub-sets of questions 
which correlated to a surprising degree. 
Therefore a knowledge engineer could use this 
method as an integral part of the elicitation 
process and place reasonable reliance on its 
ability to highlight problem areas as explained 
above.
3. Conclusions about the suitability of the 
sub-domain for an expert system.
The conclusions from the experiments were 
that an expert system could in fact be devised 
to perform this task. However some important 
qualifications must be made:
• The information about the subject property 
was provided by the purchaser's agent, and 
the simulations produced results in 
accordance with the purchaser's valuation. 





ttordwith current market conditions, it 
B impossible to know whether the price 
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quisition and it was the purchasers' total 
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However, it seems that there is probably 
no need for an expert system to 'see' a shop 
property in order to value it, provided that 
the user of the system has done so and is 
capable of observing its important 
characteristics. The question then arises: if 
a reliable person has to see the property, 
and also collect the information on 
comparables etc, will that person not be 
competent to perform the valuation? If so, 
the requirement for an expert system as a 
'stand-alone' advice-giving 'oracle' is 
diminished. This may sometimes be the 
case, but the system's considerable value 
as to tool to ensure consistency, reliability
and thoroughness by the professional 
involved is not.
Conclusion.
It is contended that expert systems do have 
tremendous potential in property applications, 
and increasing use of them is likely to be made 
by forward-looking professionals. The time is 
perhaps not right for all property professionals 
to buy shell programs for their 
microcomputers and set out to write their own 
expert systems without first thinking very 
carefully about the project and employing 
some careful analysis of the proposed 
knowledge domain to see if an expert system is 
likely to work successfully. But for those who 
do wish to enter this exciting field, the situation 
simulation is strongly recommended. •
Tools for Expert Craftsmen
Craftsmen (and women) are totally dependent upon the quality of their tools, 
and take care to select the right ones for the job. How strange it then seems, 
that most the craftspeople who have built Expert Systems have done so by 
modifying a prefabricated shell - rather like making a trumpet by reworking an 
old drainpipe. Maybe it's because there's been no alternative - until now ...
LPA, continuing its tradition
n
of quality tools for the Expert 
Systems trade, is proud to 
announce a very special toolkit for 
Expert Systems builders: flex.
fox is not a shell, but a powerful forward- and backward-chaining Expert Systems 
language, incorporating if-then rules, frames, objects, slots, demons, 
inheritance, watchdogs and much more, including complete access 
to the underlying PROLOG compiler.
Be crafty: come out of your shell with flex !
L°flic Programming Associates Ltd, Studio 4, The Royal Victoria Patriotic Building, Trinity Road. SW18 3SX. 01-871-2016
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EXPERT SYSTEMS FOR 
PROPERTY MANAGERS- 7
fan Scott, Stuart Gronow 
and Michael Crofts
Part 1 of this paper provides an over- 
view of a research project currently 
being undertaken at the Polytechnic of 
Wales, engaged in investigating the 
suitability of expert systems for the 
valuation of vacant possession residen- 
tial property for mortgage purposes.
f Introduction
EXPERT SYSTEMS are computer programs able to offer advice at the level of a professional consult­ 
ant. An expert system for property valu­ 
ation would therefore not only be able 
to offer advice about its area of valua­ 
tion specialisation, but would also be 
able to explain the reasoning behind its 
deduced solution in the manner of a 
human valuer. In addition the property 
valuation expert system would be able 
to derive a solution in the absence of 
perfect information, in much the same 
way as the human valuer is often called 
upon to do.
At the Polytechnic of Wales a three- 
year project is investigating the devel­ 
opment of a mortgage valuation expert 
system as part of a wider project to 
investigate the suitability of expert sys­ 
tems for residential property valuation 
work perse.
This project has so far resulted in two 
prototypes: firstly, a demonstration sys­ 
tem able to value property within a 
small area of north Cardiff to an accu­ 
racy of 10 per cent; and secondly a sys­ 
tem building upon the experience 
gained in the construction of the first 
system, which relates to residential 
property in the Merthyr area. This 
second system, still under development, 
involves linking the expert system 'shell' 
to a property database. This enables the 
system to select its own comparables 
with which to value subject properties.
M The prototype systems
These systems are based upon the valu­ 
ation knowledge of a single valuer with 
approximately 20 years' experience in 
mortgage valuation work. The second 
prototype is to be evaluated by other 
practising valuers to test its applicability 
and to improve its generality. It should 
therefore become a system which com­ 
bines the valuation knowledge of 
several practising valuers.
This knowledge is generally 'com­ 
piled', that is, aggregated and used, so 
rapidly that the valuer when carrying 
out residential property valuations may 
be unaware of what knowledge he is 
actually using. For the system to repro­ 
duce the actions of the valuer and 
hence model his decision-making 
ability, this compiled knowledge must 
be 'unravelled' and made explicit.
This problem has been called the 
'Knowledge Elicitation Bottleneck'. It is 
a major difficulty in expert systems con­ 
struction; so is the diagnosis of what are
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and what are not suitable domains of 
expertise to automate using knowledge- 
based techniques.
Both these issues will be discussed 
more fully in Part 2 of this paper.
Clearly the perfect expert system 
would replicate the working methods of 
the professional valuer. Unfortunately 
the expert system is disadvantaged in 
that the valuer is able to inspect a 
property in person, thereby gaining an 
overall impression of it in the light of 
his past experience. The expert system 
can only acquire this kind of informa­ 
tion at second-hand. There is therefore 
room for misinterpretation of informa­ 
tion between the valuer and the 
computer. Similarly, subjective elements 
of value, such as state of decor, are hard 
to quantify accurately.
Despite these problems, on the basis of 
the work carried out with the valuer, 
the following criteria were established 
upon which to design the expert system:
(1) The system should arrive at an 
'acceptable' value for a property 
when input with relevant data con­ 
cerning that properly. This aspect 
suggests a 'forward chaining' system.
(2) Residential valuation is based upon 
comparison with other properties of 
similar type and location. A data­ 
base of comparable properties 
would therefore be necessary, pos­ 
sibly within the system, but prefer­ 
ably external, and accessed by the 
system as necessary — much in the 
way that a human valuer uses com- 
parables.
This database of comparables 
would be constructed from the com­ 
parables of the valuer whose repre­ 
sentative expertise was chosen. 
Subsequent developments could uti­ 
lise larger databases enabling the 
system to function in a wider geo­ 
graphical context.
The construction of this database 
suggested that an 'induction' pack­ 
age could be applicable, an opinion 
further reinforced by the lack of for-
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mal valuation methodology, noted 
by Mackmin (1985) among others, 
with which to build explicit rules of 
valuation.
(3) The valuation of a property relates 
to its value at a specific point in 
time. Knowledge about the values of 
physical variables which contribute 
to the value of a property as a whole 
will therefore be time-related, and 
may not be able to be expressed 
with certainty, particularly in a 
changing market.
(4) Similarly, a degree of uncertainty 
would be required when comparing 
properties within the valuation pro­ 
cess. For example:
When considering a subjective 
element such as state of decoration. 
An evaluation will be based on 
'slightly better', 'about the same', or 
some such similar concept, which it 
is impractical to attempt to quantify 
accurately.
UShell evaluation
As a synopsis the requirement was for a 
system
• able to access an exernal database of 
comparables (and possibly other pro­ 
grams)
• utilise an IBM PC or compatible com­ 
puter
• be fairly easy to use, and
• preferably easy to develop an expert 
system with.
Additionally the system should be able 
to use both real and integer numbers, 
and have the facility to utilise uncertain 
information.
Also to be considered was the fact 
that a production rule method of 
knowledge representation would prob­ 
ably be simplest to operate and build; 
however, it may not be suitable in all 
aspects of the valuation process. An 
ability to use the more complex, infer­ 
ence network type of representation 
would therefore'probably be required, 
both for this and for any future
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research and development program 
which might be undertaken.
On the basis of this work a suitable 
expert system shell was purchased and 
the prototype implemented.
As a short definition, expert system 
'shells' are 'empty' expert systems which 
only require the specialist knowledge 
relating to an area of expertise to 
become useful consultancy tools. Differ­ 
ent shells can therefore be used with 
different files of knowledge or 'know­ 
ledge bases' (see Figure). These shells 
reduce the requirement for the know­ 
ledge engineer to be a computer pro- 
gramer and in theory at least would 
enable practising professionals to con­ 
struct their own systems.
Once completed, the second proto­ 
type will operate as follows, eliciting 
information concerning the following 
value-related variables from the user:
(1) Does the case concern an open 
market value sale, and if so what 
figure is to be considered for the 
mortgage loan?
(2) The tenure of the property, and 
the necessity or otherwise of buy­ 
ing out the freeholder's interest.
(3) The location in one of 22 suburban 
districts assigned by the valuer in 
the Merthyr area.
(4) The street in which the property is 
located.
(5) The house number.
(6) The house type.
(7) The house age.
(8) The house size in terms of reduced 
covered area (sq. ft or sq. m).
(9) The presence, and type, of garage.
(10) The presence or otherwise of 
central heating.
(11) The presence of full mains services.
(12) The structural stability of the 
property, and the requirement for 
retentions or structural surveys.
(13) The state of repair disregarding the 
structural stability of the property.
(14) The general impression gained of 
the property in relation to the 
comparable properties available.
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Having received the first seven items 
of information, the expert system 
searches the assigned database file for 
comparable properties in the same 
street, and checks that it has not already 
valued the subject property. Should no 
comparables be present in the same 
street the system will widen its search to 
include the rest of the assigned district 
when searching for houses of similar 
type.
On finding suitable comparables, the 
expert system stores their details and 
continues to search the file until all pos­ 
sibilities have been exhausted in that 
district.
The system then produces a range of 
value possible for the subject property 
based upon this first crude matching.
This range is then refined as the 
remaining information is requested 
until an opinion of value can be offered 
to the user.
M Wh y build an expert 
system?
The above system will, when complete, 
offer advice on mortgage value for 
residential property — reproducing 
some of the functions of the valuer 
involved. It is perhaps pertinent at this 
point to discuss the advantages to be 
gained by automating this kind of 
knowledge.
Skill arises from the possession of 
expert knowledge and experience in a 
specific subject area. Skill grows as 
more experience is gained to a point 
where a practitioner in a given field 
would be termed an expert. As a fur­ 
ther consideration, experts can and do 
act with partial information, and ask 
only necessary and relevant questions of 
a client, in order to arrive at a conclu­ 
sion which can be recommended as a 
course of action.
Experts are, however, often called 
upon to perform undemanding routine 
tasks which do not make the best use of 
their skills and time. Similarly experts
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are not constantly available and unfor­ 
tunately are only human.







Anything that can reduce the amount 
of repetitive, routine work carried out 
by the expert must be of value, because 
it enables the expert to devote more 
time to the more complex functions he 
is expected to perform in his role as an 
expert.
Expert systems too may provide con­ 
sistent data and rapid analysis and fur­ 
nish second opinions. They are also able 
to explain the reasoning behind a parti­ 
cular course of action they recommend. 
This self-justification feature is of 
special value in areas where the user 
must not only be presented with infor­ 
mation, but must also be convinced of 
its validity (Lansdown 1982).
In the context of the work of the 
general practice valuer, there are 
several areas of valuation expertise 
which could be considered separately:
(1) Valuations for compulsory purchase 
compensation.
(2) Valuations for rating purposes.
(3) Development appraisal.
(4) Valuation of freehold and leasehold 
properties.
(5) Valuations at rent reviews and lease 
renewals.
(6) Valuations for insurance purposes.
(7) Valuations for mortgage purposes.
Many of these areas overlap and 
require the valuer to display a depth 
and breadth of knowledge uncommon 
in other disciplines. While accepting 
that this is possible, it is in many cases 
unrealistic. A development appraiser 
for example would be unlikely to be 
fully conversant with the subtleties of 
rating law.
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Intelligent advice within these diverse 
areas is available however, be it from 
written sources or from human special­ 
ists in those particular fields. It is our 
contention that expert systems could be 
used to provide that specialist advice, 
making expert knowledge available to 
the general practitioner more quickly 
and cheaply.
xpert systems in property 
applications
The above list of possible expert sys­ 
tems applications might seem futuristic 
to many; however, a recent survey of 
expert systems in property unearthed 
the following projects, some of which 
are shortly to produce commercial soft­ 
ware.
Investment valuations
At the City University, London, the 
only other known research in property 
valuation expert systems is an investiga­ 
tion of 'the assessment and quantifica­ 
tion of the All Risks Yield in the 
Property Valuation process'. This pro­ 
ject will attempt to build a system based 
upon the valuer's process in selecting an 
appropriate yield with which to value 
an investment properly.
In assessing this yield, the valuer must 
take account of such issues as the tax 
position of the potential investor, the 
structure of any current lease docu­ 
ments relating to the property, the loca­ 
tion, position and physical fabric of the 
building itself, the security of any exist­ 
ing tenant as a rent payer, and the state, 
both current and future, of the property 
investment market and the investment 
market as a whole.
The process, taken for granted by 
the experienced investment valuer, is in 
fact complex when analysed, and the 
criteria used to evaluate the yield can 
often only be assessed subjectively, due 
to the lack of good quality data. This 
project is now entering its third year.
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Quantity surveying
The Royal Institution of Chartered 
Surveyors has recently completed a two- 
year research project examining the 
application of expert systems to quan­ 
tity surveying, with the aim of develop­ 
ing systems for further refinement by 
professional quantity surveying offices.
Within this project four programs 
were produced which dealt with the fol­ 
lowing areas:
(1) Establishing a financial budget for a 
building.
(2) Establishing the most suitable way 
to obtain a building.
(3) Estimating how long a building pro­ 
ject will take from inception to com­ 
pletion.
(4) Estimating the profitability of a pro­ 
ject through a simple development 
appraisal.
When compared to other areas of 
surveying, quantity surveying is both a 
relatively computer-literate, and com­ 
puter-suitable application area. By uti­ 
lising the new systems which will be 
refined from the basic research carried 
out at Salford, the quantity surveyor 
will be in a strong position to reinforce 
his claim to the leading position as pro­ 
ject manager in many development 
schemes.
Funding has now been gained in 
order to develop a commercial system 
from this research.
Prior to this project another quantity 
surveying project investigated whether:
The decision-making capabilities 
of the individual parties to a design, 
ie architect, quantity surveyor, engi­ 
neer, client, and developer, could 
be substantially improved by recog­ 
nising and making explicit at a local 
level the inter-relationships between 
design disciplines.'
The resulting system is known as 
GUIDE (Graphical User Interrogation of 
Development Economics) and assists the 
user in developing design proposals
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from a variety of different viewpoints 
relating the individual parties to the 
design process listed above.
By generating theoretical solutions 
using GUIDE, the user will gain a 
clearer idea of the effect that his own 
decisions have on other contributors to 
the design process. This should reduce 
the time spent redesigning unbuildable 
or impractical elements of a project, 
increase the mutual awareness of the 
parties to a design, and lead to more 
rapidly agreed design proposals.
Plans are now in hand to take the 
project into the commercial world; the 
collaborating bodies are forming a con­ 
sultancy group and developing the sys­ 
tem still further.
Town planning
At Oxford Polytechnic, researchers 
are investigating the potential for 
expert systems in development control.
The team have built a number of 
demonstration systems, one of which 
deals with 'permitted development' 
under the Town and Country Planning 
Act 1971.
While this is at the lowest level of 
planning expertise, it was highly suit­ 
able for mechanisation as a demonstra­ 
tor, dealing as it does with a 
well-structured set of legal rules and 
requirements.
Design guidance
Meanwhile, Essex University- 
researchers are involved with a part- 
time study of expert systems for design 
guidance.
The researchers recognised the fact 
that a shortage of qualified planners 
meant that much routine advice-giving 
may be delegated to non-expert plan­ 
ners. They further suggest that there is
'a need for consistent design apprai­ 
sal and guidance which seeks to 
develop a framework for solutions 
which are relevant to planning poli­ 
cies, the urban context of the build­ 
ing and the requirements of that
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building, yet do not unduly limit the 
designer's freedom to interpret these 
factors.'
Two prototypes have been built in 
co-operation with Norfolk County 
Council and relate to the communica­ 
tion of design guidance to the public, 
and assistance to members of the public 
with filling in planning applications.
Building
The Building Services Research and 
Information Association (BSRIA) has 
been involved in a number of expert 
systems projects since March 1985.
Having evaluated some of the soft­ 
ware available, BSRIA wrote a Lisp- 
based shell with which to develop the 
following systems:
(1) Air-to-air heat recovery system Gives 
assistance in selecting an appropri­ 
ate heat exchange device when 
given information about the build­ 
ing and its ventilation system. This 
small, forward-chaining system, 
based on a frame-type representa­ 
tion, is currently being expanded.
(2) Computer finance system This system 
provides assistance in the choice of 
finance method for the purchase of 
computer systems.
(3) Air movement system This system is 
part of an EEC collaborative pro­ 
gramme of research and provides 
advice on air movement in build­ 
ings.
The association is also investigat­ 
ing the potential for automating 
Building Standards and Codes of 
Practice.
Finally the Building Research Estab­ 
lishment (BRE) is also active in expert 
systems research, having developed two 
systems known as BREDAMP and 
BREXBAS.
BREDAMP advises the user about the 
causes of damp in buildings. Using a 
team of three — expert, knowledge 
engineer, and programmer — a system 
was implemented in 1985 which deals
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with 14 types of damp in buildings: 
from condensation to burst pipes and 
flooding. The system has already proved 
a useful tool with commercial possibili­ 
ties. Its 'archiving' function is consid­ 
ered important and the builders believe 
that it may prove to be the forerunner 
of a family of systems offering advice to 
building professionals.
BREXBAS is a more recent system 
which assists in the interpretation of 
information received from Building 
Management Systems (BMS).
These BMS systems give data on heat­ 
ing ventilation and other plant within a 
given building, but a high degree of 
expertise is required to interpret the 
highly technical output and act upon 
the conclusions drawn. Large concerns 
which can recoup economies of scale 
employ skilled energy managers to 
carry out this monitoring function, but 
smaller companies may not be able to 
pay such an engineer from the savings 
made in running the building.
A system able to perform the energy 
manager's job would therefore be of 
benefit to many smaller companies and 
would have obvious commercial poten­ 
tial.
U Take-away knowledge
These outlines are only brief resumes of 
the projects in the property world of 
which we are aware. Each is under 
development by property professionals 
using expert system shells.
An obvious extension of the shells 
idea is an 'off-the-shelf package con­ 
taining a completed knowledge base. 
This idea of 'take-away' knowledge has 
already been taken up in some other 
areas, particularly law, where both data 
protection and statutory sick pay legis­ 
lation has been produced in expert 
systems form. The advantages for 
applications such as these are that com­ 
plex pieces of legislation can be used by 
lay staff with little fear of misinterpreta­ 
tion of the advice offered by the system. 
Other applications range as far afield as
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financial planning and corporate re­ 
cruitment. Taking these applications 
into consideration, why should there 
not be a taxation, rating, or CPO legisla­ 
tion adviser and perhaps an adviser to 
assist negotiators at rent reviews? Such 
systems could be altered relatively 
quickly to reflect changes in legislation 
affecting the subject areas. Further­ 
more, as most expert systems can be 
easily copied whole, there would be no 
time-consuming chopping and changing 
of written procedures. The disks would 
simply be re-copied and returned to the 
users. The advantages for large organi­ 
sations which use complex administra­ 
tive procedures would be heightened by 
the assistance these systems could offer 
in staff training and development.
SConclusion
At present, valuation surveyors hold a 
distinct market advantage over compet­ 
ing professions in that they can provide 
a superior range of specialist know­ 
ledge; to quote Baum (1984), The cus­ 
tomer can buy all his goods in one 
shop'.
It can reasonably be argued that 
advice from several individual special­ 
ists would exceed the quality of the 
advice from this 'one-stop-shop', but 
convenience outweighs this factor.
Expert systems shells, while still in 
their infancy when compared to other 
computer programs, have the ability to 
make specialist knowledge available 
both quickly and cheaply. If it becomes 
possible to develop expert systems for 
valuation purposes, they can assist 
valuers by automating parts of the val­ 
uation process, saving time, and thereby 
improving efficiency.
The logical conclusion therefore is 
that more research into the use of 
expert systems shells for valuation sur­ 
veyors should be carried out to estab­ 
lish in what areas expert systems can be 
used to provide specialist advice.
By far the greatest problem facing the 
would-be expert system builder is to
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extract the required expertise from the 
relevant expert. In the second paper the 
authors will discuss this problem more 
thoroughly and describe a process 
which is not only useful in eliciting 
knowledge, but may also assist in select­ 
ing the correct area of expertise to be 
automated in what is, after all, an 
advice-giving profession.
U Basic definitions
A fundamental problem in evaluating 
expert systems is that valuers tend not 
to be familiar with expert systems ter­ 
minology. The following explanations 
should be of assistance.
(1) Knowledge base Files of knowledge 
relating to a specific area of special­ 
isation. This is supplied by an expert 
in the particular field either directly, 
or through a programer known as a 
knowledge engineer.
A knowledge base relating to val­ 
uations for mortgage purposes 
would contain, among other infor­ 
mation, knowledge regarding indi­ 
vidual properties, groups of 
properties as a whole, and their rela­ 
tionships to other properties and 
groups of properties; also factors 
concerning the state of repair of 
residential properties and their 
effect upon the value of particular 
properties or types of properties.
(2) Inference engine/module The second 
half of the expert system which 
manipulates the knowledge base 
and carries out the reasoning and 
other functions.
(3) Shell An 'empty7 expert system con­ 
taining the inference engine and 
other functions, but requiring the 
knowledge base to enable it to act as 
a useful consultant.
(4) Heuristic In common English this 
means learning by example. In 
expert systems terminology, it is a 
rule of thumb adopted by an expert. 
Often this is based on common 
sense applied to ihe specialisation
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and enables the expert to take 
shortcuts in his problem-solving 
approach.
For example at a rent review a 
tenant's negotiator's heuristic might 
be, 'Don't quote comparables that 
are above those quoted by the land­ 
lord's negotiator'.
(5) Production rule This is a basic reason­ 
ing mechanism, usually of the 
IF ... THEN form. They can also be 
qualified by UNLESS or similar 
phrases.
For example to continue the 
landlord and tenant theme: IF the 
improvements are 'proper' AND 
within the current tenancy OR the 
improvement <21 years old THEN 
the rent at the review is FRV ignor­ 
ing improvements ELSE the rent is 
FRV. (Part II of the Landlord and 
Tenant Act 1954.)
(6) Inference/semantic network A more 
complex reasoning mechanism: the 
network consists of arcs and nodes; 
each node is an object, concept, 
or idea; the arcs have particular 
meanings relating to those nodes. 
For example consider the two 
statements:
All houses have roofs
10 Downing Street is a house.







From this it can be inferred that 10 
Downing Street has a roof even 
though it was not expressly stated. 
Semantic networks are useful when 
complex classification and hierarchi­ 
cal arrangements of knowledge are 
required.
(7) forward chaining This relates to the 
method of carrying out the reason­ 
ing. The forward chaining system
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reasons forwards from basic infor­ 
mation to prove a goal or goals.
(8) Backward chaining Oddly enough, 
the reverse of forward chaining! A 
goal is selected and antecedent con­ 
ditions and facts checked against it 
until it is proved correct or other­ 
wise.
Neither method has clear advan­ 
tages in terms of efficiency in use, 
but each has advantages in particu­ 
lar applications. Where there are 
many goals, as in a valuation system 
where the range of possible values is 
huge, forward chaining may be 
better. Where the goals can be 
specified, for instance the right to 
compensation under compulsory 
purchase laws, backward chaining 
may be more useful.
A mixed strategy is therefore 
clearly of advantage for most appli­ 
cations as the user will get the best 
of both worlds.
(9) Induction expert system An expert sys­ 
tem which can induce general rules 
from sets of example cases. This is 
generally considered a good method 
with which to establish rules in areas 
of expertise which are under- 
researched and indistinct in nature. 
There are a number of problems 
with induction systems, however, 
notably their limited numerical 
ability.
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EXPERT SYSTEMS FOR 
PROPERTY
MANAGERS - 2
Michael Crofts, lan Scott and 
Stuart Gronow
Part 1 of this paper, published in the 
last issue of Property Management pro­ 
vided an overview of the research pro­ 
ject currently being undertaken at the 
Polytechnic of Wales investigating the 
suitability of expert systems for the 
valuation of vacant possession residen­ 
tial properties for mortgage purposes. 
This paper will address some of the 
practical difficulties which developers 
of expert systems can expect to 
encounter, and offer a possible solu­ 
tion to the thorny problem of 'domain 
appraisal'; ie, the investigation of a par­ 
ticular application to discover whether 
an expert system might be feasible.
M Introduction
THE POSSIBLE motivations for 
/ developing an expert system are 
numerous, and the appearance of 
inexpensive microcomputer shells has 
increased the number .of attempts to 
enter this field. Unfortunately the sales 
hype surrounding the available software 
suggests to many novices that it is no 
harder to write an expert system on a 
microcomputer using a shell like Crystal 
in XI PLUS than it is to write a valua­ 
tion using a spreadsheet or database.
1 his may possibly be true in some cases, 
but the following issues must be con­ 
sidered by any developer of a new 
system:
(1) The need to evaluate the perfor­ 
mance of systems
There has been very little objective 
evaluation of expert system perfor­ 
mance, and few techniques are available 
for this task. A leading author states: 1
'Evaluation is difficult to address; it 
is even difficult to discuss ... In real­ 
istic domains that lack the structure 
of formal systems like mathematics 
and logic, it is unlikely that you will 
ever be able to "prove" that your 
expert system is indeed an expert in 
any rational sense.'
On the rare occasions when evalua­ 
tion is discussed the following methods 
are suggested:
• Judging acceptable accuracy of the system's 
decisions by a panel of experts This may 
be the only suitable method in 
domains where decisions can only be 
taken on the basis of the best avail­ 
able human judgment.
• 'Blind' testing Here the adjudicating 
experts are given several solutions to 
a problem without knowing which 
come from an expert system and 
which from a human expert.
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• Putting the system into use to see whether it 
will produce results which could not be 
obtained in other ways Some systems 
perform tasks that were not previ­ 
ously carried out, and are accordingly 
judged to be successful.
• Putting the system into use, and seeing how 
often people use it.
None of these approaches is ideal, 
and the expert system developer often 
has a difficult task persuading his 
customer that his system delivers value 
for monev.
(2) Tacit knowledge, and unbounded 
knowledge domains
Consider the example of a shop­ 
keeper who has just been served with a 
notice to quit, and who consults an 
expert system which is designed to pro­ 
vide advice about security of tenure. 
The system might begin by trying to 
establish whether the Landlord and 
Tenant Act 1954 Part II applied. To do 
this it would have to see whether the 
shopkeeper was in fact a tenant within 
the meaning of the Act. This implies a 
narrowing of the knowledge domain 
(the law relating to security of tenure) 
down to a sub-domain (the meaning of 
'tenant'). But this is not what would in 
fact be happening. To decide whether 
the shopkeeper is a tenant the system's 
knowledge base would have to contain 
rules about the law of landlord and 
tenant, which in turn would require 
knowledge of the general laws of pro­ 
perty, and possibly the principles of 
estate management. Any further exten­ 
sion of the enquiry would take the 
system into the realm of commonsense. 
and it is proving very difficult to pro­ 
vide computers with this natural human 
attribute.
A knowledge domain which at first 
sight appears tightly bounded can thus 
have very loose boundaries indeed, and 
the consequential inclusion of more and 
more rules not only increases the costs 
of creating the knowledge base, but also
1K8
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causes technical difficulties in the form 
of a 'combinatorial explosion' as the 
system has to search much larger rule 
sets.
In the field of legal expert systems 
this problem is sometimes resolved by 
assuming tacit knowledge on the part of 
the user,- and the systems function as a 
sort of expert's assistant, of little use to 
a layman who has no knowledge of the 
law at all. In the words of one who takes 
an iconoclastic view of Artificial Intelli­ 
gence: '[legal] expert systems are really 
most useful for experts'. 1 This does not, 
of course, invalidate them; indeed the 
concept of an expert's assistant is being 
widely discussed as a useful application 
for the technology, especially when such 
a system is combined with a database, 
but in many cases the need for users to 
have extensive tacit knowledge is a 
problem.
(3) Compiled knowledge: the 'paradox 
of expertise'
It seems often to be the case that the 
more 'expertise' a person has, the less 
able he is to express in words how de­ 
cisions are made. This is particularly the 
case in domains where knowledge 
appears 'soft' (ie, changing and unreli­ 
able) and intuitive, and where prac­ 
titioners sav that they act on hunches or 
'gut feeling'. In such cases the elicitation 
task appears to be hindered by the way 
the human mind seems to operate. 
Furthermore, experts often possess 
different types of information. For 
example:
• personal experience of past problem 
solving: their own past cases;
• personal expertise or methods for 
solving problems: the experts' pre­ 
ferred methods of working;
• personal knowledge about reasons ior 
choosing the methods used: know­ 
ledge about special cases or groups of 
cases.
It may be very difficult for some 
experts, 'including property profession­ 
als, to conceptualise these different
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- M K-S of knowledge. They will often be 
ii.nd-))iessed to describe their expertise 
in ,i systematic manner, let alone in a 
Kiimnally structured form.
]i has been suggested that humans 
,,„ oiporate new information within an 
, \ixiing framework of previous experi­ 
ence using an intuitive logic. This seems 
ul.uisible, but it is hard to substantiate 
iIK- further suggestion that a formal 
nun ess of knowledge acquisition 
implies that the frameworks of know­ 
ledge can always be re-analysed (ie, that 
i IK' expert can be de-briefed) simply by 
i excising the logic. 4 Indeed, the evi­ 
dence seems to be that conscious re- 
.malvsis of the human knowledge 
acquisition process is extremely diffi­ 
cult. For example, Firlej (an experi­ 
enced knowledge engineer) has found 
evidence that much expertise is inter­ 
nalised, so that the way experts have 
formulated their knowledge is hidden 
and they no longer know how it was 
accumulated or in which order the cues 
i hat are necessary to retrieve informa­ 
tion are triggered/1 The knowledge and 
i he retrieval mechanisms connected 
with it have become automatic and 
mechanistic.
(4) Fuzzy knowledge, fuzzy logic, and 
fuzzy sets
In the expert systems literature, the 
icTin 'fuzzy' means uncertain, for 
example when an expert says something 
like, 'I am pretty certain that cracks like 
this are seldom caused by subsidence'. 
An example of a fuzzy set is the set of 
large houses; whether a particular 
house is large may be very difficult to 
decide, because there is no clear divid­ 
ing line between large and small. 
Several programming techniques are 
available for handling uncertainty,1 ' 
including probability theory, statistical 
methods, Bayes theorem, fuzzy set 
theory, etc. However, the results are 
Nomeiimes doubtful, even though they 
may be expressed with impressive con- 
\iction bv the system.
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(5) Fizzy knowledge
'And the Artificial Intelligence 
researcher who looks for rules of law 
ignores what to everyone else is obvi­ 
ous — law is a chameleon, forever 
darting about and changing its rules 
and appearance with each new rock 
and judgement'.7
There are some areas of expertise 
where the knowledge changes fast and 
frequently as new ideas, or facts, or 
values, bubble up and are absorbed into 
the domain. Such knowledge may be 
termed Tizzy', although the problems it 
causes for expert systems technicians 
are described more prosaically as 'truth 
maintenance of the knowledge base'. 
The contents of a knowledge base are 
invariably distinct from the rest of the 
software so that, in principle, it can be 
altered easily, and this ease of alteration 
is often an important part of salesmens' 
patter. However, its practical impor­ 
tance should not be overstated. Cer­ 
tainly there is no need to re-write the 
inference engine of an expert system 
when the knowledge base is up-dated, 
but the inference engine often consists 
of only a few lines of code and the hard 
work is in any case the elicitation, for- 
malisation, and up-dating of the know­ 
ledge.
An additional problem is observed by 
Trimble* who states that work with the 
expert system BREDAMP, described in 
our previous paper, revealed that veri­ 
fying a knowledge base is a much bigger 
problem than verifying a conventional 
computer program. Therefore it is 
likely that the cost of testing the impli­ 
cations of an up-dated knowledge base, 
particularly where important rules have 
been altered or removed, may be enor­
mous.
(6) Problems with pattern recognition
Some tasks can be analysed as algo­ 
rithms, which are a set of instructions 
that, if followed exactly, will guarantee a 
successful outcome to a task ii such c:\
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outcome is possible. For example, the 
work of Corlier el at. at the Universite 
Libre de Bruxelles" has produced an 
algorithm which is very successful for 
undertaking the work of predicting 
house rebuilding costs. However, many 
tasks seem to be performed in other 
ways, including possibly the prediction 
of house values (in the sense of market 
prices). In the UK, residential valuers 
have been reported as 'very reluctant to 
explain how they analyse and how they 
value by direct sales comparisons'. 
Much is apparently made of 'knowing 
the market' and the reports of compul­ 
sory purchase and taxation cases show- 
that the 'matching pairs' approach is the 
favoured method, 'even though the 
comparables are rarely sufficiently simi­ 
lar for them ever to be regarded as 
matching pairs'. 1 " What seems to 
happen is that valuers, like chess grand­ 
masters, build up in memory, through 
experience, a large store of complex 
combinations of items of information 
with links, cross-references and associa­ 
tions. We may call these combinations 
'patterns'. Some authors take the view 
that a large part of what we call exper­ 
tise is the ability to recognise familiar 
patterns instantly, even when they are 
subtly altered, while disregarding with 
the same acumen impossible hypo­ 
theses. If this view of expertise is true, 
and the patterns themselves are com­ 
piled so that they are inaccessible to the 
conscious mind, then the knowledge 
elicitator is faced with enormous diffi­ 
culties.
(7) The elusive rule and the phantom 
rule
Problems have arisen in domains 
which seem at first sight to be suitable 
for expert systems because they are well 
bounded. The developers of an expert 
system for selecting plant for high-rise 
construction identified nine main lac- 
tors determining the choice of plant, 
l)iil for eight of lhe.se factors: 'no defi- 
niie rules governing the weighting of 
carl) of these variables could be asier-
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tained; the final decision being an 
unknown combination of each variable 
depending on the people making the 
decision and their past experiences'."
In such circumstances the expert 
system builder may feel that the rules 
are in the domain somewhere, but thev 
are elusive. This may be right in some 
cases but wrong in others. Sometimes it 
must simply be accepted that there are 
no ndes governing a particular activity 
and that the things that sometimes look 
like rules, dimly perceived through a 
mist of uncertainty, are mere phantoms 
with no substance. There is a school of 
thought that regards a formal underly­ 
ing theory as a prerequisite of a work­ 
ing expert system; 'phantom rules' 
would therefore be a clear contra-indi- 
cation.
(8) The processes of knowledge acqui­ 
sition and elicitation
Knowledge acquisition implies the 
consultation of information sources 
other than an expert; elicitation is the 
extraction of information directly from 
the expert or experts and users by using 
questionnaires, formal face-to-face 
interviews, requests for written state­ 
ments of practice, deduction from com­ 
pleted practice examples, observation of 
experts at work, listening to the experts 
speak introspectively about past cases, 
or model criticism (where the dif­ 
ferences between a model of the exper­ 
tise and the experts' own ideas about it 
are discussed).'- These methods have 
not yet crystallised and the literature 
contains many reports of the difficulties 
of knowledge elicitation.
(9) The difficulty of appraising a new 
knowledge domain
It is gradually being realised that an 
early step in creating an expert system 
should be to decide whether the pro­ 
posed domain is suitable, and the issues 
discussed here lend to support this 
view. However, the most ^ sl i-> 1 ;| P~ 
proach has been to 'have a go' and sir
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uhat happens. While this was justifiable 
m ilie early clays of the technology, it is 
i,,, longer necessary to take such a risk 
lieeause more is known about the prob­ 
lems which expert systems cannot solve 
.ii i heir present level of development. A 
paper by Prerau" covers a checklist of 
.-) I questions which could form a basis 
I,,i domain appraisal; alternative ap­ 
proaches include the 'situation simula-
lioll'.
M The situation simulation: A 
proposed methodology
I here is evidence in recent papers that 
professional knowledge engineers are 
moving toward a methodology that 
could combine domain appraisal with 
knowledge elicitation. Firlej 14 suggests 
dial interview conditions should be as 
near as possible to the original task. 
Tumble 1 '1 comments that experts are 
often better at doing things than 
explaining what they are doing and 
why, especially because the expert often 
cmnot recall from his subconscious the 
rules and relationships that have 
become intuitive. Hamilton"' stresses 
ilie importance of the 'case study' 
approach, which he finds to be a good 
method of eliciting knowledge from an 
expert who at first appears reticent or 
blase.
A method which takes account of 
these views has recently been de­ 
veloped, called the situation simulation. 
I liis places the domain expert in a real­ 
istic environment so that it becomes 
possible both to appraise the domain 
iind devise a programme of knowledge 
elicitation.
The concept from which the situation 
simulation method has been developed 
was i n a paper by Shpilberg' 7 reporting 
work done in the United States in 1986 
hv Coopers £ Lybrand in connection 
with corporate tax accrual and plan­ 
ning. In their experiment a staff 
accountant with no experience of this 
knowledge domain was nominated as
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the 'user' and provided with all the 
information needed to undertake a typi­ 
cal case. He was seated on one side of a 
long conference table which was 
divided by a screen. Two experts sat on 
the other side of the table behind the 
screen. The user was told that he had all 
the necessary information to undertake 
the case, and the resource of the exper­ 
tise behind the screen. The experts were 
briefed to guide the undertaking 
actively to a successful conclusion, with­ 
out going to the other side of the table; 
only verbal communication was 
allowed. The process was videotaped 
and observed by the knowledge 
engineering team, the experiment was 
regarded as a success and was repeated 
several times; a working expert system 
eventually resulted.
During March 1987 an experiment 
based on this concept was devised and 
conducted in the School of Surveying at 
Kingston Polytechnic to examine the 
sub-domain of retail shop property 
valuation.
Purpose of the experiment
The principal purpose was not to 
develop an expert system, but to see 
whether the methodology of the situa­ 
tion simulation was an effective way of 
appraising a typical sub-domain. The 
results v\-ere also examined to see 
whether they would guide a knowledge 
engineer towards a suitable programme 
of knowledge elicitation. Shpilberg's 
paper describes a method designed only 
to 'allow the knowledge engineering 
team to gain an understanding of the 
experts' "likely role in the detailed 
knowledge acquisition process'. It was 
felt that with some important changes 
the method might be able to play a 
much larger part in the elicitation 
process.
Description of the simulation
For the simulation a private room was 
equipped with a table at which were
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placed chairs lor the expert and the 
'knowledge engineer', separated by a 
screen. A word processor was placed on 
the table with the VDU visible to both 
people, the keyboard in front of the 
knowledge engineer, and the printer in 
front of the expert. A video camera 
recorder was trained on the expert.
Full details of a recent freehold 
prime shop property sale had been 
obtained from the agents who acted for 
the purchaser, 1 * and a set of valid coin- 
parables was assembled. The expert 
valuers who participated in the simula­ 
tion were briefed by the knowledge 
engineer as follows:
The arrangements for the simulation
/ have full details of a property and suitable 
comparable^. I will act the part of someone who 
is thinking about buying this property.
You are asked to advise me about the price I 
ought to pay if I buy the property now by pri­ 
vate treaty in the open market.
To do this, you will first interrogate me to 
extract information. You will Ihen use your 
knowledge to reach conclusion on which you 
will base your advice.
You will not be able to see any of the infor­ 
mation that I have, so you will have to gather 
it one piece at a time by asking me questions.
When you ask me a question I will type it on 
to the screen, followed by my answer. I wilt 
save these question,* and answers on to a floppy 
disk as we go along to give me a permanent 
record.
At regular intervals, and at any time that 
you request it, I will produce a print-out of 
questions and answers so that you can see the 
pattern that is emerging.
You have an exercise book in which I would 
like you to set your thinking down as you go 
along so that lean analyse it lain. Words, dia­ 
grams, doodles etc, are all OK. The only thing 
that is unhelpful to me is any thinking you do 
about the valuation which remains hidden 
away inside your mind.
/'lease do not do your thinking out loud. It 
is important that the only communication 
between us consists of the formal questions and 
answers that get typed up on I he screen.
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I will (isk you for explanations whenever I 
require them or think that they will elucidate 
your reasoning, just as a user'would expect to 
he able to do when using a finished expert 
system.
Whenever you reach an intermediate con­ 
clusion fie, when you have made your mind up 
about something) please say so, slowly so that I 
can type it on to the screen. Examples of inter­ 
mediate conclusions might be 'fuzzy'things like 
the 'quality'of the property, or 'clearer' things 
like particular figures associated with a valua­ 
tion. The point is that you start off, by know­ 
ing nothing about the property and I need to be 
able to see the process by which you gradually 
acquire and use information.
Some important features of the simu­ 
lation are mentioned in this briefing:
(!) The expert wa<, unable to see any of the 
information
It is essential to know whether the 
exchange of information between 
user and expert system can be com­ 
municated on a machine/man inter­ 
face. For example, if a real estate 
valuer has to see the subject of a valu­ 
ation (either lace-to-face or in a 
photograph) in order to value it, then 
a computer cannot perform the task 
because machine vision has not yet 
been adequately developed.
(2) The expert acquired information incre- 
mentally and reported intermediate conclu­ 
sions
Two assumptions influenced this 
aspect of the simulation. The first is 
that present-day expert systems are, 
essentially, rule-based, and that a 
fundamental component of domain 
appraisal should therefore be the 
testing of the domain to establish 
whether it too is rule-based. I he 
second assumption is that it is neces­ 
sary to test whether the expert is 
working to an algorithmic or a pal- 
tern-matching strategy. These tests 
can only be made by observing iIn­ 
expert at work.
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7, U many aspects of the simulation as pos- 
.,/,/,• were' recorded' for post-experimental
,-f/rt/WA
Post-experimental analysis consists 
,,| examining the records of experi- 
inenis to see whether a pattern of 
information acquisition rv.le applica- 
lioii. and logical inference is being 
established. From this can be made 
i(eductions about the suitability of 
ilie domain. By recording all trans­ 
actions between expert and user on a 
word processor, video-taping the 
simulation, and preserving the 
expert's notes, a full record of each 
simulation can be obtained.
Some further features of the sitnula- 
lion were important:
i It \\hen the experts asked where the property 
;IY/S they were told it was in Rorchester
It was assumed that it would be too 
easy for an expert to jump to conclu­ 
sions about the value if it turned out 
that he/she actually knew the real 
location of the property. This 
assumption was correct. The example 
property was from a town where 
values are unusually high for the 
small population, because it serves a 
wide and prosperous hinterland. The 
experts were therefore surprised at 
some of the information they 
received and were forced to examine 
(heir valuation process carefully, step- 
by-step. They would probably not 
have done this if they had known 
from the start where the property 
was.
' ^ Care was taken to give the same answers to 
identical questions asked b\ different experts at 
successive simulations, and whenever a 
question asked by an expert was unclear a 
\ltindard form of query was returned in 
response
This made it possible to compare 
different expert's handling of the 
same information, and also to see 
how large a 'menu' of interrogatory 
responses a working system would 
have.
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(6) The situation simulation is a repeatable
experimental method
This is important because it 
enables the knowledge engineer to 
assess whether different experts 
adopt radically different methods of 
problem-solving or have different 
compiled knowledge on which to 
draw.
The knowledge engineer does not set in the
Using this method, the dynamics of 
information transfer from user to 
expert and from expert to user can 
be observed, recorded and identified 
in a 'pure' form (ie, without corrup­ 
tion by the interpolation of a know­ 
ledge engineer's pre-conceived ideas 
of the process).
(8) Rule induction may be possible
By using a real example (in the 
Kingston experiments, a real pro­ 
perty), the method offers potential for 
rule induction and the induced rules 
could then be used to provide a con­ 
trol set for testing automated rule 
induction techniques.
(9) The expert's comments on the simulation 
are useful
The simulation can be run through 
to an end-state which both user and 
expert regard as being a satisfactory 
resolution of the test problem. This is 
in contrast with many other elicita- 
tion techniques which are 'open- 
ended' with no clear indication of 
when the ground has been satisfac­ 
torily covered. After analysis the 
expert can survey the resulting con­ 
ceptual model and comment on it; 
this may save many hours of discus­ 
sion and argument.
(10) The method can be quickly adapted to a 
new knowledge domain
It should be noted that an import­ 
ant feature of the Coopers & Lybrand 
simulation experiment did not apply
193
Property Management m Volume 6 Number 3
in the simulations at Kingston. Their 
experimental process was highly 
structured because a structure 
already existed. Questionnaires, 
forms and checklists were available to 
both the staff accountant and the 
panel of experts during the simula­ 
tion and it may be presumed that 
these forms etc. had been improved 
by editing over a period of use so 
that many of the 'bugs' had been 
removed. The results of the experi­ 
ments at Kingston showed that the 
situation simulation method will 
work just as well if a structure has to 
be devised from scratch.
B Analysis of the results
(1) Analysis to establish the suitability 
of the method for appraising a know­ 
ledge sub-domain
The overall conclusion was that this 
is a suitable method for appraising a 
knowledge sub-domain, because the 
records successfully revealed where the 
experts used the following types of 
knowledge:
• tacit knowledge (eg that streets nor­ 
mally have two sides; that the com­ 
pass has four cardinal points, that 
shops in towns of ()(),()()() people do 
not normally have values measured in 
millions of pounds, etc):
• compiled knowledge (eg. both experts 
used a form of sensitivity analysis to 
set parameters within which their val­ 
uation had to fall);
• IU//A aspects (eg the 'shading' of 
yields and the 'weighting' of compar- 
ahles for location and age); and
• li/./.y knowledge (especially the cur­ 
rent relative attractiveness of different 
multiple retailers).
Most importantly:
• A clear picture of how the experts 
collected information was obtained.
• The experts did understand the need 
to slate preliminary conclusions as 
the simulation progressed.
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The following provisos should be 
noted:
• Pre-experimental work was extensive 
and was based on some knowledge of 
the expertise in the sub-domain. It is 
doubtful whether someone who came 
to the subject 'cold' would be able to 
prepare suitable material for a situa­ 
tion simulation.
• The arrangements for the simulation 
were satisfactory, but normal social 
conventions made it impossible to re­ 
frain from occasional verbal com­ 
munication. It would be a better 
arrangement to have the parties in 
separate rooms, despite the increased 
complexity of equipment that would 
be needed.
• The simulation did not reveal any 
instances of elusive or phantom rules. 
Proving a negative is, of course, diffi­ 
cult, and it might be helpful to per­ 
form control experiments in domains 
which are known to be non-rule- 
based (ie, where there are phantom 
rules).
(2) Analysis to sfee whether a situation 
simulation can guide a knowledge 
engineer towards a suitable programme 
of knowledge elicitation
Although the participating experts 
assembled their information in a dif­ 
ferent order, and were particularly con­ 
cerned about different aspects of the 
valuation, the process could be analysed 
into sub-sets of questions which corre­ 
lated to a surprising degree.
Therefore a knowledge engineer 
could use this method as an integral 
part of the elicitalion process, and place 
reasonable reliance on its ability to 
highlight problem areas as explained 
above.
(3) Conclusions about the suitability of 
the sub-domain for an expert system
The conclusions from the t-xperi- 
iiit-ni.s were thai an expert svsicm could
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in lad be devised to perform this task. 
However, some important qualifications 
nu isi be made:
• The information about the subject 
property was provided by the pur­ 
chaser's agent, and the simulations 
produced results in accordance with 
I he purchaser's valuation. However, 
while this valuation appeared to 
accord with current market condi­ 
tions, it was impossible to know 
whether the price paid was greatly 
above the other bids received by the 
vendor or was on the margin of valu­ 
ations in the market.
• The actual property was altered after 
acquisition and it was the pur­ 
chasers' total expenditure (purchase 
price + cost of alterations including 
finance costs during the void period) 
which the valuers arrived at. None of 
ihe experts pursued a line of 
questioning that would have revealed 
the opportunity (and need) for the 
alterations.
• Tacit, compiled, fuzzy and fixxy 
knowledge was used by the experts.
• The records of the simulations 
showed that pattern recognition may 
play a part in valuations of this 
type, particularly when valuers are 
'shading' the all risks yield of corn- 
parables. However, it seems that there 
is probably no need for an expert 
system to 'see' a shop property in 
order to value it, provided that the 
user of the system has done so and is 
capable of observing its important 
characteristics. The question then 
arises: if a reliable person has to see­ 
the property, and also collect the 
information on comparables etc, will 
that person not be competent to per- 
lorni the valuation? If so, the require­ 
ment for an expert system as a 
'stand-alone' advice-giving 'oracle' is 
diminished. This may sometimes be 
the case, but the system's considerable 
value as a tool to ensure consistency, 
reliability and thoroughness by the 
professional involved is not.
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f Conclusion
The objective of this paper has not 
been to denigrate expert systems, but to 
sound a note of caution in contrast to 
the hyperbole and puff that they have 
generated thus tar. It is contended that 
expert systems do have tremendous 
potential, and increasing use of them is 
likely to be made by "forward-looking 
professionals. The time is perhaps not 
right for all property professionals to 
buy shell programs for their micro­ 
computers and set out to write their 
own expert systems without first think­ 
ing very carefully about the project and 
employing some careful analysis of the- 
proposed knowledge domain to see if 
an expert system is likely to work suc­ 
cessfully. But for those who do wish to 
enter this exciting field the situation 
simulation is strongly recommended as 
a useful tool for such analysis.
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EXPERT SYSTEMS IN OTHER PROPERTY APPLICATIONS 
Since the commencement of the mortgage valuation project a 
number of other investigations into property applications 
have come to light. The following provides an overview of 
each project.
1. INVESTMENT VALUATION
At the City University London, the only other known 
research into expert systems for property valuation is an 
investigation of "...the Assessment and Quantification of 
the All Risks Yield in the Property Valuation Process". 
This project will attempt to build a system based upon the 
valuer's process in selecting an appropriate yield with 
which to value an investment property.
The process, taken for granted by the experienced 
investment valuer, when analysed is complex, and the 
criteria used for evaluating the yield can often only be 
subjectively assessed, due to the lack of good quality 
data. This project is now ending its third year and the 
researcher involved, Nigel Mehdi, is registered for the 
degree of Ph.D.
2. QUANTITY SURVEYING
Under the auspices of the Alvey awareness scheme, the 
Royal Institution of Chartered Surveyors has recently 
completed a two year research project examining the 
application of expert systems to quantity surveying, with
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the aim of developing systems for further refinement by
professional quantity surveying offices.
The project was run at Salford University and headed by
Professor Peter Brandon. Dr Andrew Basden and Joyce
Stockley were two of a number of other researchers
involved.
Within this project four programs were produced which
deal with the following areas:
1. establishing a financial budget for a building;
2. establishing the most suitable devlopment path for 
obtaining a building;
3. estimating how long a building project will take from 
inception to completion;
4. estimating the profitability of a project through a
simple development appraisal.
When compared to other areas of surveying, Quantity 
Surveying is both relatively computer literate, and a 
computer-suitable application area. By utilizing the new 
systems which will be refined from the basic research 
carried out at Salford, the Quantity Surveyor will be in a 
strong position to reinforce his claim to the leading 
position of project manager in many development schemes. 
Funding has now been gained in order to develop a 
commercial product from this research.
3. DESIGN ECONOMICS
Prior to this Alvey funded project, Professor Brandon 
worked on a Quantity Surveying project at Portsmouth 
Polytechnic with Dr Sidney Newton.
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Initially this project was to produce a program to assess
the cost-effects of marginal changes in the design
variables relating to a particular solution to a building
problem, and thus to allow the pursuit of a sensible
economic strategy.
Early in the project it was concluded that this aim could
not be achieved without considering the design and
development process as a whole, involving all cost, form,
shape and feasibility implications together.
The research brief was then revised to test more
specifically whether:
"...the decision-making capabilities of the 
individual parties to a design, i.e. architect, 
quantity surveyor, engineer, client, and 
developer could be substantially improved by 
recognising and making explicit at a local level, 
the inter-relationships between design 
disciplines." (Newton 1986).
The resulting system, known as GUIDE (Graphical User 
Interrogation of Development Economics), assists the 
user in developing design proposals from a variety of 
different viewpoints relating to the individual parties to 
the design listed above. GUIDE thus fills in the gaps in 
the individual's knowledge about the other disciplines 
involved.
By generating theoretical solutions using GUIDE, the user 
will gain a clearer idea of the effect his own decisions 
have on other contributors to the design process. This 
should reduce the time spent redesigning unbuildable or 
impractical elements of a project, increase the mutual 
awareness of the parties to a design and lead to more
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rapidly agreed design proposals.
Towards the end of this project a "front-end" was built 
using the MICROSYNICS package which enables the system to 
question the user at a particular level of expertise from 
"expert" developer to "novice".
Dr Newton then embarked upon a further project, in 
conjunction with a major national retail chain, to tailor 
the program to a more specific user, much as is now 
happening with the Alvey quantity surveying project. Plans 
are now in hand to take the project into the commercial 
world with the collaborating bodies forming a consultancy 
group and developing the system still further.
4. TOWN PLANNING
At Oxford Polytechnic, Michael Leary and Agustin 
Rodriguez-Bachiller are investigating the potential for 
expert systems in development control.
The project began approximately a year after the mortgage 
valuation study, following a lengthy period of planning. 
The researchers have made good progress in evaluating a 
number of expert system shells and producing a small 
demonstration system.
The demonstration system deals with "permitted 
development" under the 1971 Town and Country Planning Act 
and has been implemented within a number of expert 
system shells as part of the shell evaluation process. 
Whilst this is at the lowest level of planning 
expertise it is highly suitable for mechanisation as a 
demonstrator, dealing as it does with a well-structured
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set of legal rules and requirements.
The team are now taking this prototype a stage further by 
moving to a higher level of expertise, involving matters 
of subjective opinion.
The project benefits from the complete co-operation of the 
local authority's Planning department. This department 
is already highly computerised, indeed the only area in 
which computers are not currently used is the 
dispensation of advice.
The project therefore fits neatly within the department's 
own objectives and a very high degree of co-operation has 
been achieved. As part of this co-operation the 
researchers have gained complete access to both data- 
records and to two assigned "expert planners" in order to 
develop a new model at that higher level of expertise. 
On completion, the researchers aim to transport this 
system to other geographical areas, with different urban 
characteristics, and to test its operation and utility 
under these different circumstances. It is considered 
that this procedure would enable the development of a more 
generally-applicable expert system which could be further 
tested and evaluated.
5. DESIGN GUIDANCE
Graham Clarke of Essex University and Richard Guise of 
Essex Institute of Higher Education are involved in a 
part-time project investigating expert systems for design 
guidance. Clarke and Guise recognised the fact that a 
shortage of qualified planners meant that much routine
402
advice-giving may be delegated to non-expert planners. 
They further suggest that there is:
"... a need for consistent design appraisal and 
guidance which seeks to develop a framework for 
solutions which are relevant to planning 
policies, the urban context of the building and 
the requirements of that building, yet do not 
unduly limit the designer's freedom to 
interpret these factors." (Clarke, Guise 1987).
Two prototypes have been built in co-operation with Colin 
Brown and Peter Hardy of Norfolk County Council using the 
ES/P Advisor Shell. They relate to the communication of 
design guidance to the public and the assistance of 
members of the public in filling in planning applications. 
Following on from this work, Guise and Clarke have 
developed a system to offer design guidance on 
appropriate solutions for an infill site. This system is 
shortly to be tested by architects, planners and student 
planners to ensure its expertise is both comprehensible 
and comprehensive enough to meet the standards required of 
an operational system.
6. BUILDING
The Building Services Research and Information Association
(B.S.R.I.A.) has been involved in a number of expert
systems projects since March 1985. Having evaluated some
of the software available, B.S.R.I.A. wrote a LISP-based
shell with which to develop the following systems:
1. air-to-air heat recovery system. This gives
assistance in selecting an appropriate heat
exchange device when given information about the
building and its ventilation system. This small,
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forward-chaining system, based on a frame-type 
representation, is currently being expanded;
2. computer finance system. This system provides 
assistance in the choice of finance method for the 
purchase of computer systems;
3. air movement system. This system is part of an E.E.C. 
collaborative programme of research and provides 
advice on air movement in buildings.
B.S.R.I.A. have also produced a user-friendly front-end to 
a building management system and are investigating the 
potential for automating building standards and codes of 
practice.
Finally the Building Research Establishment (B.R.E.) is 
also active in expert systems research having developed 
two systems known as BREDAMP and BREXBAS.
BREDAMP advises the user about the causes of damp in 
buildings. The system is written in SAVOIR and has been 
developed from a 1983 model written in Micro expert which 
dealt with rain penetration and damp in chimney stacks. 
Using a team of three: expert, knowledge engineer and 
programmer, a system was implemented in 1985 which deals 
with fourteen types of damp in buildings: from 
condensation, to burst pipes and flooding. The system has 
already proved a useful tool with commercial 
possibilities. Its "archiving" function is considered 
important and the builders believe that it may prove to be 
the forerunner of a family of systems offering advice to 
building professionals.
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BREXBAS is a more recent system which assists in the 
interpretation of information received from Building 
Management Systems (B.M.S.).
These B.M.S. systems give data on heating, ventilation and 
other plant within a given building, but a high degree of 
expertise is required to interpret the very technical 
output and act upon the conclusions drawn. Large concerns, 
which can recoup the cost via economics of scale, employ 
skilled energy managers to carry out this monitoring 
function, but smaller companies may not be able to pay the 
engineer from the savings made in running the building. 
A system able to do the energy manager's job would 
therefore be of benefit to many smaller companies, with 
obvious commercial potential. The BREXBAS system is at 
present a small frame and production-rule based system 
which reacts to changes in a simulation of a heating 
system. Development work is ongoing and a larger more 
refined knowledge base is expected, to assist users in the 
near future.
7. SUMMARY
These outlines are only brief resumes of the projects of 
which the Author is aware. These projects can be 
considered as the small "demonstrators" necessary to 
produce the initial impetus on the road to developing 
useful systems. Their importance at the level of the 
fundamental research required to apply expert systems to 
whole new areas of specialisation cannot therefore be 
overemphasised. The future developments in the fields
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noted above may be a major source of practical expert 
system developments in the short to mid-term.
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